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h bas. beeﬁpr‘dvﬁimfg the ér‘th f afl DF 1ts energy, we can cabﬁt on

(o SUR w1th n
' 11; tn cantmuel tc\‘écr@fa fm‘ thé gxt F ,e"bﬂhon years\ft 15 the Dn’ky star
; :

2 5% '
¢:1gse enaugh ta enab?e 5Q1€ﬂt1§'t5 to sfu Y. 11: 1C &er fme detaﬂ .g?

o Tfhé éar‘t'h. rEVD]veS“

the \, l"? ‘ a

und—efﬁe_‘sgn in an e‘altwa’l arb1t at a d1stanr:e

nf‘ apprnmmate’ly 93 n‘H’lmn mﬂes‘-; AAt th15 d1stance, 11: takes 11§ht ahd DthEY‘ S

A rachant energy “From the sun ibc:ut ?FE and Qn;=ha1§“ m1nut£§gta r‘e

Becaﬁs' gf‘ the s‘l’hgh.; éccenfﬁmty of the ear‘th s Drb1t, we: are samewhat c:ﬁser‘

?’;ﬁ,‘tc -t.hé sun duﬁng wmter mDnths tharg in summer. ’Fﬂe sun’ and the maan\, when

V1ewed 1n the Sk_y, appear tB be appmx?ite’ly thegsame 51zé ruugh’ly, ﬁ& .

. « .
ut 1/2 A Gwever, the mm:m is only.

I.Jhen cme rea‘hzes that the diajeter Df’ t;he sun JS abnut -

appear to have “an ngu]ar d1amet of a

240 DDD mﬂes away ]
864 DGD mﬂes or Dver‘ three t1mes the d15tance fmm the earth to the moon , cme 7
begms té appremate how 1arg'_ the sun reaﬂy is. The wfIUme x:rF the sun is about

1 BDD DDO t1mes that.‘ﬁ:f t@éearth The mass of the sun can be determmed by

! measur‘mg‘ its’ grantatﬂcma? effe(:t on the eaéth and - 15 found tD be abgut )
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& eﬂd the vqume one can’ eaieuIEte the'sun,s‘;vereg: deLSJty, th, _“'i:;tf}‘fii-?pfﬁ

| e? the eun prebeb]y reeehes 1 X 10!IE pounds/znthz, wh11e yqu wi]] reeel] that

W Un]1ke the earth its periee ef retet1on verTee w1th 1et1tude,.the per10d Df

“ ‘-.

5
£

Y
rotat1en on 1ts equater ( 1at1tude) 15 s]1ght1y Teee than. 25 eerth days

: 1;& w

Tu

\-\The per1ed 1ncreasee£§e about 33 daye in 1ts po]ar reg1one. These differences

u h

ere possible because of: the gaeeous nature ef the sun.- Such per10d5 can be

L&}

. determined by studylng the dopp?er sh1ft ‘with a. Speetreeeoﬁe or, fer thet matter,

by mere]y obeerv1ng the mevement Qf sunspots eeross the feee “of the eun‘\

Eoc *

-
h5' | f The‘eun is made.up ef vahleus 1eyers, the bogndar1ee are. zether L
1nd1st1net ahd represent areas where eerta1h dynem1e precessee give wey te othere.t
The part of the sun that we eee is cei1ed the photoephere It is a relat1ve1y |
) th1n 1ayer ebeuf 200 or 300 miles th1ck Study of th1s “surfece" e$1ng proper,
| f11ters reveeie bright granu]ar areee 300- EOO m1125 ;n d1emeter eurrounded hy a
darker beekgr{)und. " These are not permanent feeturee: end Test on]y fer* a *Few |

”1nutee The patterne are phebebly eaused by hot geses mev1ng upward at a

Fl

i Tee1ty of ebout 1 mile/$econd while eug%ounded by eoe1er darker looking - Cf'

'

gases ’fhe tempehature of the phetoephere 15 ‘about ?iif— ( oK stands for
C

»degreee Ke]v1h AiKe1v1n degree is the same size as e131us degree; howgver;_ ~.




\’il

the'Ke1v1n or absn]ute temperature scale starts Dut at- abso]ute zero, gr:-273 C oy

K - 2733)) The dgns1ty of the éhotgsphereéns perhaps about 1/1009 that -

% .. B \

&

he earth s atmgsﬁh re. at sea 1eva1 i%-—= e “_ e o i' . SRS
. : i ' “_ Ty

R . . I
i . : . . S - : ¥ ¥

D1rect1y’beﬁeath the phatcsphere .is-the convectlve zone ThiS'TayEF '

**abnut—ﬁﬂvﬂﬁﬁ*mr?es—th1c’g>15—racked W1th—v161Fnt cenveetaxe-cuprentsTtransferrlng4_ﬂv

v 4 .
energy upﬂfrcm the radaat1an zone Thé rad1at1gn zone extends denward tnwards

v ¥ 1 . . \&2 .
the core. Here énergy 15 transferred upgard ch1ef1y by waves of rad1at1q9

traveilng at the speed of 11gﬂt (186 000 m1TEslsecond) Ey the time we. reach
the ccre, e‘find temperatures 1n the ne1ghbcrhood Df 16 DOD OOD K (25 000 OG@ F)

”-anﬂ?pressures One ﬂundred b11|1@n t1més 1arger thaﬂ atmospheriﬁ pressure on W' ‘ii

. earth ,I 15 here that cent1nunus thermonua]ear reactions’ éégur Eefore~ §§ .y
1 . A o - .

- diseusgn

these reagt1on5, the sgurce '6f "the sun 5 energy= let us Exam1ne the .

* outer Tayers Qf the sun. . y .- Y
y Ve .. 4 - L !
i pl S e
- . } V i * . \
! N N LY : F ' ’
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C 9 JuSt abuua the pnotoabhana ia*a>cno1an Tayar (about. 5060°K)aEdTTEd
tha reVErs1ng layar.. It is na11ad this bacauaa11t absorbs dnd tnan rarad1atas .
aume nf tha energy'paaa1ng through 1t 1n a]] d1rect1nn§: aSuch absnrpt1an ;fra
rasu1t§ 1n the charactér1at1 dark 11natspactra (Fraunhnfar 11naa) 'seen

aga1ns€fthe cont1nudus \Spectrum’ pruducad by the phatasphare Thes

E

obsenvad and phbtugraphad in spantrbgraph1c atud1as of the sun. He{1um ﬂas-

fhra; d1scuvarad on. the sun in this way » Ab$on§t1nn apactra ahnw thabfapproxs-
LY
1mata1y 70 elements: 2x1st on. the sun, . Tha f1l:'most abundant aiamadts are

hydrngén (90%), ha11um (10%), oxygen ‘(- QE%? nitrogen'( 03%), and carbon ( GE%)
;&Yj E; h . . . ‘—'i\-x ‘,th f;; g!'! Lot . S ‘.“
. MOV1ng Still outwand we f1nd the rag1bn kndwn - ds tha chnomoaphena

f-::
&

This axtends abaut EDDD m11a5 or mdre abova ‘the phatoaphara whan apac1F1

]

EQu1pment is ugad to b1ack out the br1gnt background 11ght frdm the photnspﬁEre, .
%

th1s redd1sh appaar}ng rag1on can be seen. The cb1or 13 dua to. tha mbst

- A

abundant gasy hydrogan, found 1n the region. Hydrogan gaa has a strong’rad

‘ spentrai 11na Maaitdf the gas 1n the upper part aF the- chromosbhere is fonized.
6Inn5 gre atoms, wh1ch have 1bat or ga1nad a]éctrbns and tharafara carry an

: aTactr1c charga )- Tha tamparature 1n the uppar raachea ‘of the chromosphene

13 h1gh (1@0 GOOﬁK or h1gher) Huwevari the praaaura \a vary Tow. ' B

.

o 4 P - .

FRY . o N
t

T éﬁ% \F1na1Jy we reach the corona. ¥This pale white halo EXtendS one or TWo sun

‘b

Tl
'

=

d1ametars beyand the sun and caﬁ baﬂféad11y sean duC;ng ,‘tota1 solar ec11pse
can also bebnbsarxad at dther t1mes using a caronagr ph Tha cbrdna appaara to be

'made up Qf crhargad ggﬁb"icl*‘(prbtona eapem aTIy) streén'nng away from the sun at
i
va]na1t1as o% ‘'several thousand m11ea par sacnnd Here. the temparature 1a vary
‘ ' !
h1gh 1 m1111dn dagraaa rE"K. However, the pressure 1slaxceed1ng1y low creat1ng

‘ anJalmdat perfact vacuum Consaquently, this temperature ‘s a k1na}1c
ER : . T . S _—

-4 [ R = El . . . ?
~a E#‘ o ¢ - . .8 R -/{,! : :
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v temperature baeed en the everage k1net1; ener@y ef the mev1q§ pert1e1es The
' equ1ﬂ1br1um riﬁtet;sh tempereture niben obgect p1eeed 1n the eer‘he wou1d

'much 1ewer, in faet, 1t would\be extreme]y egld were 1t not fer energy reee1ved
|

. b_y rad1at1on from-the photnsphere; KThe so-eeaﬂed “eo]ar w1nd“ is beheved,

i

,te-he mere1y an extens1en ef the cnenne reaCh1ng eﬁt beyegeeeerth and the

== ——

TR B ;
other pienets of .our enlar systemi L e 'Qk
sk . - * ) -

L fi 1 A e . . ' _> ‘

i 1

. A number Qf dynanne ﬂrene1tory phenomena are obeerved oeeﬂrr1ng ete

‘pw R

verleus 1eve1s 1n the SSTar\etmesphere, Sunsphts, which appear ee>511ght1y B o

N
de:ier areas on the sun s surface, may devego£;§§pecfa11y 1n a narrengreg1en
) ebout 40° nerth or south of the equatnr ‘These eppe;r to fn1]ew an 71 yeer
eyefe 1n¥whacn eeiar act1v1ty risee and then fafls;ijma1ler eunspots are abeut
the size ef‘the_earth 1erger ones coyld h01d theusands of earths.
T . : .o S “\ ;:‘ —

*

Prom1neneee, eondeneed streams of het Tuminous geses, can be eeen et

t1mes extEnd1ng thousands of m11es into the. cnrona\ when seen egeinet the baek—
-/ .
grennd of the sun they appeer as derker F11aments, often taking on en an. arch
ehape as they lobp back te the surfece These re1at1ve1y 1oné lived phenomene
F

seem tdfer1g1nete near sunspet groups. Flares are bright, short-11ve& phenemena

reach1ng the1r greatest 1ntens%ty in a matter of m1nutee and 1eet1ng, perhaps,

as 1ong as an hour. They usue11y or1g1nate Frem plage, brTth areas benner1ng I

% . : . Y L‘Li

u

sunspots. " - b

One flare may re]ease as much _energysas one b1111en hydrogen bembe

-

‘.‘ ‘; 3 ¥ . % F

' enng]e so]ar flere cnu]d wipe out, a]% 1ife on earth with 1ts x—ray and u’H,:ra--l

. v1u1et rEys On the eurface of  the - se§2’5m311 bright spots have been 1dent1F1ed

9 ] . \ N

* .
A ! |

in xéray studﬁes_ Th se are seittered ovef the eurfaee of the sun a7d aré net

- .



réstricted tu certa1n rég1gns as sun spots are. \¥hey appear to be asscc1ated

R T
" with Jlocal, areas of ‘intense energy emission. Evén within the sotar corona, ‘

}
)

great exp]os1pns have been‘recent1y ubserved these have been ca11ed "Earona1 ;

ﬁugh quant1t1es of mater1a1s hundreds Qﬁrthnusgnds of tons, '~

transients".

' are’huriéd outward,1ntg space.at enormous ve1ocit1es.t : . oL o
— O & T T :7."" i . - 7”\; - ‘ B - T V' ) ) B - o B o .-:- B ) * ~ ;7
. \ P . . - 4:3 L

It can be seep that our nearest star 15 in a constant stafe af T

It is fortunate that the eaﬁth is far enough'?fom th1s v101ent
L

rntat1ng sphere of: gases to.enjoy a cont1nua] stream of rad1ataon;;t 1nten$'t1es

i~

-trananrmat1Qn

. that are ‘both sgfe ‘and Essent1a1 to life. -
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* SECTION 11 , E ;
| ENERGY PROD cTIoﬁf bi\l 7T”HE SUN_

0ccas1ana11y one hears. the sun descr1bed as "a hat ball aﬂp‘irn1ﬁ§

”WQEEEiﬂJ This, of cnurse, is a very pgnr descr1pt1un S1nce the gases on the sun

=1

hare nnt burn1ng in the usual sense of the. wnrd Burn1ng refers tD a them1ca1

ziprocess where a mater1a] combines w1th an Dx16121 g agent then nygen, in
effergy .. The prD 55 0 eurrlng

an exathefyii reaction giving fo heat and 1ight
|

§ ) ‘7» iy 1 ) = ‘ii joos "A = 1
- on the sun is a nuclear reaction and quite different from the chem1§a1 reactions. . --

Ey which most: of our heat energy on earth is now derived: (burning oil, gas,
~ coal,,etc.). C?emica] réactiéns in§61ve rearrangemént,gf the electrons of

ar reactions involve changes within the ﬁuc]eus 1tse1f The

(energy re]ease assaﬁiated with nuclear reactions is ene:mous ;Dmparéd to that

a

the atoms; nui]

associated with chem1ca1 reaﬁt1un§ 1nva1v1ng the same quantity of “matter.
: ™,
‘ . . s N ' ’ N ' \ v ' -

There are. several kinds of nuclear reactions.  For exampié;:théke7 N
are”a number of naturally occurring radioactive substances such as uranium,
thorium, etc.; usually these are relatively heavy elements. Spontaneously,
same of the. nuclei in-atoms of these materials undergo a'nuciear change in
which o particles (helium nuclei) or 8 pértié125'(high=speed electrons) are .

g1ven nff Such emissions change the nuc]eus 1ntD a new e]ement with a Tower .

atﬂmic number and weight or+into a new e]ement W1th the 5§pe atemic we1ght but - .

F

~with a h1gher atomic numbera Through a series of such changes these atoms

: §
u1t1mate1y become stablg, nﬂnradiaatt1ve 5ubstances hav1ng smaller atam1c

W

weights and numbers.

a

: ¢
A very few kinds of nuclei undergo a different sort of change. A
nucleus of the isotope uranium 235 (235 is the mass:number or atomic weight)-,

when bombarded ﬁifh Tow energy;neutranégmay capture one and thame unstabie. -

A
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Th1e causes 1t tﬂ sp11t Lntf twn emeller huc1e1 egch ae bar1um and keygten ) "
and at the same t1me g1ve fo severe1 edd1t1one1 neutrene p]us a 1erge amount 3 .

nf energy.. This s thé ba

;1s-gf the atomic bemb as well-as the contre]?ed - 7

cha1n reaction 1n ﬂuc1ear Qwer reaetere Th1s§5:ecess is knewn as, FTSSiQn
. E - . . _.x.

] '
B e e

é"flwf77f' A th1rd kind. oflnuc]ear react1on “known as nuqlear FuSTQn 1nvelvee N
| . |

eséent1a11y the QppOSTtE ort qf precees It 1hvo1ves the cemb1n1ng of sevenéi 3

s . .{}.

. small. nue1E1 1nto oné ;e ger nuc1eue w1th the esteqqent re1ease of huge

. emcunts of energyg Th1jzpre;ess oceurseon the sun. 'In order for euch a react1on
! :
u

st be extreme1y h19h, oh ‘the order hf many m111 Dns of -

.. ] & ¥

degrees A fue1on reee jon is therefore often cdlled a thermonuc]ear react1eh
I . .
So far, man has- not been able te prgduce a useful, CO"tPO11€d fusion réaction;
R 1 . g

he has, however, praduged the, fue10n or hydrogen hemb, a. bomh of enormous

] B :
# : . -

destruct1ve eepeb111tﬂ. A . . :
o Al N y U o -
. In order to/understand why" these huc1ear reect1on5 are possible,’ r :

' one needs to underst7nd the’ re1at1oneh1p between atem1c mass ahd b1nd1ngqehergy

It can be shown that/the mass of a nuc1eus'fe eomewhat smaller than the mass

- I
! 3
of the 1hd1v1due1 pert1e1es of which it is eompoeed th1e d1fferehce 15 known

el

v 5

as the mass defectﬁ Years agog Einste1n!pr0pceed that mass end ehergy are

equivalent and erefre]ated by the re]etionehip:E = m&E; where E is energy
s . o . ' .

measured in apprepfiate units, m is mass,. end c is.a constant, the 'speed of

light. The d1Fference in mass between the sum of the masses Df 1Qd1v1dua1
I
partf%1es that mahe up a huc]eue ahd the actual mass of.the nuc]eue itself. then e

repreeente a Eerta1n amount of ehergy. This is the sipe amount of energy that

would have to be EXpended to break up a nucleus into. 1hd1v1dua1 part1e1ee,"

M .

.- B R : o

“this is knefin es/the binding enérgy. L

L~ i .
f N b _,‘v .“ \

o




MAXIMUM,

‘”-
BINDING ENERGY
PER NUCLEON

" ATOMIC MASS

i
1

It can. be seen in the.diagram above thet atoms of intermediate size

euch as iron (Fe) are the moet stable since they have the greetest binding

7energy per nuc1eeh (nuc]eer pert1c]e) Increeeed stability ‘can therefore be’

.i‘

eeh1eved by more meee1ve etome g1V1ng off c end 8 particles and u]tlmate1y

fbeeom1ng ema11er 5teb1e etqme This can occur by certein ]EFQEF,‘unStab1e atoms

T . TN -
undergoing f1551en ehd breek1ng 1nto smaller, 1ntermed1eteﬁeized atpms, or by N

eevera] eme11er:etome Ccmb1n1ng 4o form a larger, more stabte nue]eus. In eech

© case matter ‘is eonverted to' energy aecordTng to E1n5t$1n s equation E =

Fusion reect1one can be seen as offer1ng the largest release of energy per

nuclear perticieg

Scientists-believe that the sun and its planets formed out of a

- “large, contracting cloud of .gas and dust. As the sun grew larger and-larger,

its gravitational force -increased. It continued to attract more and moré

matter end‘gtew even larger. -Finally, pressure and temperature increased in
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its interior until they reached that necessary to §Q§tain'a fusion reaction.

witﬁ’pressure'én'fhe Drdeﬁiof about one trillion pounds per square 1nchi

It is almost impossible to conceive how hot this really is; it has been said

(e

that a tiny pféce of this material the size of the head of a pin oﬁe hundred

miles away would be hot enough to burn one to a criép._ Physicists have

. Aihearized'thai thereiace two passi??e fusion reacticns&that can accouﬁt for

the enérg& produced by the stars. .One js:kncwn aS!thé proton - proton reaction;
the other”is the carbon - nitrogen cycle. The Jatter éne requires higher -
temperatures than exist on the sun and is therefore an important.process for

stars 1afgef!than the sun. Both reactions have the same end result: four
protons (hydrogen nuclei) are convetrted into one helium nucleus. The series

N

‘of readtions in the proton sapréﬁon reaction are given as follows in equation

forms \
| 10 2., 0 e e
H + 1H _— 1H + 18 + neutrino 1 = hydrogen nucleus
e ____, gamma ray i = deuterium - 7

' heavier isotope of
hydrogen

g
1l

H® + . H EHEB + gamma ray - ,He” = an isotope of helium

%

: 3 . 4 1 1 ) T
2He + 2He o 2He + 1H + 1H + gamma ray
common helium

=
12]
Y
1}

= positron

m
i}

= glectron

i)
il

In this reactipon four hydrogen nuclei are converted into one helium
nucleus. Four hydrogen|atoms have an atomic mass of 4 x 1.008 atomic masé/gnits

(a.m.u.'s ) while the resulting helium atom has an atomic mass of 4.003 a.m.u.'s.

No electrons are involved in this reaction and therefore their mass can be

oy

14
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ignored. This leaves a mass difference of 0.029 atomic mass units se that
roughly 0.7% of the matter has been converted to'gnergy»accarding to the

relationship E = mczi “Each second over 4 million tons of hydrogen ar “gﬁnverted-
to helium; ane can realize, then, that an enormous’ amount of energy is :
[

g

continually produced by the sun. It amounts to a power outpéﬁxﬁf roughly’ -

6 x 1023 hp. It might seem that at this conversion rate the sun would soon

" yun out of hydrogen. This is not the case; the sun is so massive that there

would still be plenty of hydrogen left after 150 billion years. Other changes,

however; should limit the remaining life of the sun to about.5 billion years.

Most of this energy is produced deep within the gore of the sun where tﬁe
temperature and pressure are greagest! It is estimated that about Dﬁe one-
tbousandth of the solar volume produces roughly 50% of the total sun's energy.
Initially most of this energy is in the -form of gamma radiation. Gamma
radiation is very high-energy electromagnetic radiation of the same sort as
x-rays, ultraviolet, visible light, infrared (heat), and radio waves. These
differ as to energy content; the ghorter the wavelength (or higher ﬁﬁe frequency) 5
; \

the higher the energy content according to the relationship E.= hf where E

is energy, h is a.constant (Planck's), and f is frequencygf

Fl

qi .

A1l electromagnetic radiatid§ trave15 at the speed of light. One
might;assume;‘then,Ethat‘the energy produced within’ the sun arrives.at the
surface almost instantaneously. After all, it takes the sun's energy oply 8 1/2
minutes to reach the earth. However, this is not the case; it is estimated
that it takes as long as 20,000 years for the energy to reach the surface of
tﬁe sun. This is due to the numerous collisions which occur en route tD’the
surface; the closely packed protons, electrons, and other particles within the

»un bounce the gamma rays back and forth. In the process, the initial gamma

L5
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radiation is converted to some of each of the kinds of eTeetromaghetie
redtatien mentieﬁed above. At the surface of the sun, weﬁfind a dietribution
of energy as F011gws: appreximete]y 41% of the energy lies in the vie}bTe

11ght FEQTOH with wavelengths between 3800 A and 7600 g (X’refers to an¥ -

Angstrom unit; 1 g =10 -10 meters). Another 50% of the emergy has wave]engths
larger than Yieib1e light and therefoje Ties in the infrared reg10n,ia very

small percentage of this tei]s ih the radio wave regian.

Thebrest; approximately

9%, has higher energy waves “in the ultravioTet or even .x-ray tegioh. These of

‘a
3

course are short, high-fréquency waves.
As might be expected, the energy released per unit area Bf the sun's

surface is tremendous: Each square foot of the sun's surface radiates energy at

[N —_—

the rate of about 7,780 hp. Another way of looking at this is that each square
centimeter of solar surface rad1ate5 about 100,000 calories per minute. A
ea1or1e is the amount of heat needed te raise the temperature of’ 1 gram of water
one Celsjus degree. Still another way ef looking at the energy emitted igf
terms ef the brightness or 1Um1nee1ty of the sun. An ord1nary 60-watt 1ight bu1§¥;
may have a teta] hght output of about 70 candlepower; the sun has an. ciftput .

. of 1,500,000 candlepower per square 1neh of surface.: All of this energy is

B

=

_;radiated»putwardﬁin all directions. The earth is 93 million miles away and
oeeupies a tiny spot in space. Only a small proportion of the sun's total radiani
energy eweeps across this tiny target. At the very top of tﬁe.earth'e atmosphere

~ approximately 1.94 calories per minute are received by each square centimeter
of a surface aligned perpendicular to the sun's rays. While this may seem like
a very tiny bit ef energy ;eﬁpared to that available at the sun's surface, it

still amounts to about one-half million hp/square mile. If this energy were able

i6
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to penetrate the earth's atmosphere intact and reach the-earth, it would
.amount to approximately 210 trillion-hp; more than 500,000 timesithe cabab%ﬁyh

Qf'aTTAg1&ctrié’generatin§ plants in the United States.

This average value of 1.94 calories/square centimeter/minute or 1;94‘

Lané]gys/minute is known as the solar constant. -Actual]y it variés slighf1y'as
; . :

the earth - sun distance changes during the year. There is some evidence that
this "constant" may vary 2% or 3% with changes in solar activity. Thi§ value
can also be expressed as 1360-watts/square meter. What ‘happens to this energy

as it travels down through the earth's atmosphere and how much ultimately arrives .
at the earth's surface will be discussed in one of the following sections. |

>

¥

" 2860000 =79 = 3 | | L | | o | ) )




NG S Jwe oy n T - |
* Co N secTon T o L
: . | ) ;'H T * _','\ c :
T THE EARTH | \ .
A SOLAR. COLLI:CTDR SYSTE‘TWI*N SPACE . ]}
1 1 F R . e * L - e -
. \ ) vV £ ) o 1 .
ideally, a ea1ar ea11ectar system ehau]d canvert radiant energy reae1ved

2 : g

1 , ,
‘Fram*the sun into usable energy forms. It hou1d do th15 w1th h1gh efffcyétcy »

’ and m1n1mum 1055* Since .the eun.daea nat prov1de a caﬁatant eaurce of energy at
N

all t1mee and p1aeea an earth the eyetem must have energy atarage capability and S

some mechan1sh far energy transport when needed Spec1t1c systems will be dieeueeed
. ki |

-~ later; in general,. tnough, tney consist af 4 or 5 essential eampanentei

% e =
=

. G1aa1ng The purpaae‘af the glazing; or over for the aa]]eetar is to
L S

K v admit as much of' the incoming rad1at1an as paae1b1e and at the same t1me

5

preVent‘the\eanveetwve heat loss fram within the cdllector. In other '

warés *the g1ae1ng must be transparent to incoming radiatigon and opaque
ta autga1ng radiation. Here is where knowledge of rad1at1an 1awe will-, |
help. The wavelengths af\the maximum amount of rad1at1an em?tted by an
object varies 1nveree1y w1th its ab§a1ute-temperatuve §y§1n a.Law{

5 e =

- 2

A

A max = 3§

The temperature of the sun's surface 1s roughly 5800°K. Substituting
the equation: : '
2g APy
1 A max = ‘ggDSmKK = 5 x 10" %m or .54
(often e1ectramagnet1c wave1engthe is expressed in un1ts af m1erans, us .

[lu = 107 cm]) This places the max1mu£ rad1at1an eh1tted from the sun's

L

: aurfaae in the ultraviolet region. g
¥

On the ather hand the temperature af the surface of the receiver is

much lower. For examp]é to etarg w1th, it ﬂ1ght be about 15 C

= S N

-14-

i8




ks 1 . . . i -
(54ﬂ or 28$§K) Th1sstempératur%)habpgns tp-be %he=approx1mate | ph )

méan temperature Df the earth A | . E' T {.;;

"'\"ji s ‘. . ‘ * , ) . P x & !_ ‘ . . 7 ‘ : GF

‘A Wave TQp 1ang”ha§pen% tq‘be 1n the m1dd1e of"the 1nfrared band A'gaodi

5
1 =

g?a21ng materials wnqu be one that would adm1t u1trav1o1et and visible T~
11ght but wgu]d be Dpaque to 1nfrared G]ass, f1bgrglas;, andlcer€;1n 2 > .
. other p]ast1cs adm1t v131b1e 1vght and, in same casg5,$u1trav1o1et but are
) opaque to infrared. 2 . -:; N !f%axj A . Voo / N
. 9 ) !;\ o _ BN .-

*tgﬁlegtiqn Piéigf ThEkCO]]ECt10n p1ate'¥s the,_pgrt Df the system that __°.
ihterceﬁté the -sun's rays. ﬁdea]]y 1t s surface 5hau1ﬁ be or1ented at - ;s'
. r1gpt angles to the rays so that it .receives maximum energy per un1t area. [t
hDu1d absgrb as much of the energ&irece1ved ;s possible with minimum reflection.
in geﬁéra1 th1s\%ean5 it w111 have a dark co10r and relatively 1arge surface J

é area per unit wolume. It 5hcu1d have good heat cunduc&1v€ty S0 that it can -
read1]y transfer energy to the trnasparent med1um If p0551blé, it should have  °
a se1ect1ve 5urfac$, o;e which absorbs energy of 1ncam1ng raa1at1on read11y
but reradiates littlesof the longer wave]ength 1nfrared Man- mide 501ar
cc11éctors use copper, a1uﬁinum§ steel, §nd sofge p]astics as Eollector?p1atesg

‘with black paint or selective surfaces of other materials. S

1

Energy Trgﬁsﬁprt'Mgghanjsm; Simce energyﬁgust:be moved over considerable ..
distances, energy transﬂ?rt'by convective means, either natural or forced,

iS'génE'“IJ{ used. This means that Afluid such as air, water,.

L X£

Y

ﬂ‘ﬁ

?‘X,l

S
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or mixtUFES’oF wag\giggiCD1 oy Gther spec1a1 11qu1§§ must be uged. ,

Y

=

These should have _high eat capac1ty and Tow v15cos;ty, they shcu1d also-.

¥ & i E
-be cheap, nancérros1ve, 5tab1e and- ngt freeze under, dES1g conditions.

. Fﬁgs or pumps may be néeded to creatg pressure d1fferent1ais in Q
\ :

order to produce suff1c1ent fTow’ Faiééﬁaﬂn Some caSes, temperaﬁﬁi%
differehces between‘storage unit and co]]ec;of:may be55uf?1c1ent to
prgv1de adequate convective flow “:Copper’ or aluminum #ubing.is often

used. to transpart liquids wh11e dhcts é?é\fsed Forfair, L.

- Py L o L : N "
Energy Stérage Medium: This may be‘a reservoir of the same materma1

' used-.to thansport energy or it may be a seﬁérate substans% coupled

Pv—'w1th the energy thahsphrt system through é heat exchangér ft ‘should *

f
FhaVE high heat capacity (high SpeC1f]C heat) and it shau]d be stab1e

&

~at design. temperature. Since 13?@2 quantit]es may be requ1red, it
) A
must be re}%?hve]y 1nexpens1ve . Substances such as water, pebb1es,

{sand, congrete blocks, etc?” have been usei' In add1t1on, use ~is
“‘sometimes made of substances that undergo phaS%gchanges at” su1th1e
design temperatures; the rather 13rge=amount of- energy re1easé& or

k-4
absarbed in.such "changes minimizes the amDunt Df materials heededq

. ! Substances such as eutect1g salts, salt hydrates, paraff1n, etc HBEEK%%

N ' "
ﬂheing tested fDP;tPiS purpose. :

-CDﬂﬁE1ﬂET In Qrder té minimize ccnductioh; radiation, and>honvecfion
losses, the varzqus companeh%s of the system must be conta1hed and

ﬁ rprgv1ded with sh}f1c1ent insulation. The contaiher ho1d1ng the ’
co11ect10n p1ate ‘may be q?£;1 f1bergTass, or_even wood It, shou]d

‘ be res15tant tD ultraviolet degradation and temperatures of several

a

20 "
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} hunﬁ#&d degrad& (400 Fl, Insuiat1on such as- ﬁhberg1ass, pnlyurethane i

1

e
SR S

Fgam, ets c?n be uged to {jn1m1ze heat: 1055 , %K ii
. . ﬁ; ; % ) o .,g . A

ca!]ictor s p051210ned 50. that 1ncom]ng

’Q

In Qperat1on, the

‘ %?E e. Tire glazing perm1tst

Te: f‘ght Fﬁ;ﬂﬁ%ﬁ jhraugh ;tdé%

:fmaTi amount of energy is absorbed ﬁy ﬂ%e ~glazigg and an aé¢1t1ona]

: amcunt is ref1ected ba;k* The amount Eef]ected depends 13 Séme extent

v 0 |/
on the 0r1gntat1gn of the collector; ]ess Nyht 15 absgrbedﬁaﬂd A

8 .
ref1ected when the. g1az1ng is perpend1cu1ar to the sun s rays.

\ sqiar radqat1cn reﬁi:es the c;

Host Dfﬁtheau1trav1é t and v1,a

3

S
Tfansmitted radj$%1on,st§1kes the collector plate. Aga1n a sma11

" amount of ehergy is reflected; mgsT, however, is absorbéd. ,The atoms |

of the collector ﬁﬁate gain kinetic energy and the temperatﬁre rises. -

=

L1
%

N . LR = & B o ) .
Like any chéf body, the col lector plate radiates energy. However, its

. i
temperature is Tow

i Qn1y 1nfrared radiation is g1ven fo The -
= S 5; *

g]§11D9 traps the infrared radiation andégf air temper ture abgve

' %,

the ‘collector pﬁgte continues éo rise. s the temperature 1n51de

[ . .

: . . . Y Tneene Srevanca haraiie ~
the container 1ncvea5e5,'conduct1oiLheaf losses 1ncreas§ibecause of

between® insideand out. 'Also, the

AN £

('the dncregsed temperature difference
nadiatiohégbssas increase due to their dependence on, the fourth power

of the temperature. Eyentua11¥ equilibrium is estabﬁishéﬂ= the

temperatﬂre 1n51de the collector reaches éome max1mum value. At -

'th15 p01nt the heat losses of all k1nds Jjust bglance the .heat 1nput

Narmaliy,;§5 soon as tHe temperature of the collector is s1ight1y above

=

the tEmperature of the energy storage medium, the energy transpont

- /

“n

-system becomes ijabie, Ther‘efore, 1nstead of reachmg scsme higher

o

¥
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5tet1e temperature the ce]]ector remains mugh cooler as: energy is

# & !
emoved‘cohtlnuousiy As the sun's energy d1mnn15hee, a Eetnt is

reaehed where the co11ecter temperature drope be;ow the tehheratureh
of the energy Stopege med1um At this point the trenepe*t eyetem
;ﬂe Tonger e1?2§%etee the med1em threugh,the ce]]ect?r If heat 1eﬂ
_needeﬂsfht 1s:obte1ned directly from the energy storage syetem
Event%e11y the tempereture -of the etorege medt um drope be]ew the

coT]eetDr tempereture and the eyc1e is ready -to be repeated , v
. B, .7 . :

k.

Let us now leek et<the.éarth fh terms of a solar collector system

%ﬁ eﬁheeiﬁ The cross sectional area of the eerthlis that area lying ‘
' perﬁendiEOTEr;te the sun's rays and theretere eqﬁéi.to the area of

the eo11eeter‘p7ete Just outside thg earth's athesphere:energx} S
arrives at the rete of f 84 ea1/cm /m1n or 1360 wett/meter This

energy, if 1t4were $0° reeeh the earth 5 surfece\uhd1m:nlshed\ '%ﬁ&é
.he\spreed out dver the totel eurtaee area of tﬁe earth 5 ephere‘ae a -
\reeu1t of the daily hetat1on of" the eewth The area oﬁ a ephere is ‘
| 4ﬁr§f'therefene,vthe average energy ava11ebje en'eaeh square centimeter
d&fet thezeertﬁis‘eurtaée is 1/4= 1:94 cal/min or .485 cal/min eeeuming :
ng,QEpTetion of .energy as it paeeee through the etmoephere.é.Thie3

however,. is not the case. As we will see in the next section,

’ret]éetien and reradiation amount to rough1y'50% of the incoming —

rad1et1eq This further reduces the eve11eb1e energy rate to '435

eaT/em /min or epprex1mate]y 25 ea1/em /min (or 170 watte/meterz)

“wordd's total energy use.

N
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- The earth's upper atmospﬁeré sérvegfhdnﬁrabiyias the glazing. It R
s relatively transparent to most of the incoming rad1at1on except
ﬁuck11y, the h1gh energy uitrav1o1et wh#;né“qf not stopped would .
destroy all 11Fe on QQ: p1aneti Furthérmore, it is Dpaqﬁéﬁto much A

. oquhE 1g w%rv§ngrgy rad1at1on em1tted by the earth. The']ower
atmagﬁgégzisé$g;s ‘both, aS the energy transport system and an energy .
'ftnfgéézééQ1m§¥§ S1nce the earth 1% spher1ca1 parts of the earth 5
surface are aiigned at r1ght ani?es tn the sun's rays while other

>
e parts are,a]mpst parallel. BURE obv1nu; that in a course of a year’
s T o )
) . . o ! ’ =) . .
the equatorial regions willwreceive much more energy than the polar

regibn because oF‘their orientation to:the sun's rays. . Furthermore,
evan dur1ng the course of a day,;d1rect rad1ant energy rece1ved at o

any 10cat1on will vary from zero at night to ‘some max1mum value

near noon. The earth’ tnereﬁare, needs an energy stornge and transport
system. Convective currents of air rémore,excess heat energy from

§

equatorial regions and move it to the po]ar region where it is needed.

of energy in the Tower atmpsphere in the form of water vapor. In
addition to acting as the collector, the earth's surface .also acts as an*
:energy storage device. In partiéﬁiar; large bodies of water with

high specific heat and high transmission of radiant energy (compared -

A

‘to land) tend to act as good heat reggrvnirsg Thus oceans aid ;hé
atmgsphere in energy: transport. Details of each of these major processes =~
. ¢ '

are covered in following sections. .
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THE EARTH 'S ATMDSF‘HERE&— THI: GLAZING

- -0
/
The earth 5 atmespha‘re is a m1xture of various gases*‘

\
Nitrogen, 78%,

[] =
Oxygen, 21%, Argnn 0 !)% Carbon Dmmde 0.03% and traces of others, including
»

neeﬁ, helium, methane, sulfur dioxide, nitrous oxide, and ozone. ' These pere.
‘centages are fairly constant to elevations of '50- to 100 miles. At 500 to 1000

miles only the lightest gases like hydrogen and‘helium are found in abundance

Water vapor, another gas found in the lower portion of the atmosphere, varies in

abundance up to E;u't 4% by volume, .

v

&

In order to undérstand the dynamic processesswhich occur in the atmosphere
g —

it. 15 nEc:essar_y to know 75c:meth1ng about its vertu;a’l str‘ucture. Some important

data are sumrnaﬂzed in the diagram below: R . o

o
‘ : .
. STRUCTURE OF ATMOSPHERE |

Altitude in Milss

™

Pegvaure in Almsipharss
EXOSPHERE ABOIVE 150 MILES UP 10 1500°C HEAR TOP
———————= - =—=1{330 s
g : 2
THERMOSPHERE IGIHOSPHERE} i ——
. 80 - —10 000001
) HES ESFAUSE [
-—— ————e——— bso A - -{0 eoom
{ .
ME5SOSPHERE L
a0 1o aob
{ t i
o 'ihf@hu;E ’
————— 6 y Joom
GIGHE T eRTL GF ALL AR
* LAYER i3 BELOW
STRATGSFHERE 4 = THIS HEKGHT )
1. — oo
 TROPOPAUSE i
= ——————a I o1
TROFDSPHERE -
100 80 40 40 .20 0 20 40 &0.
Tampaiahirg °C
LY
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yTro o‘ihehe?' The average he1ght is ahout ‘40, 000, feet (12 200 mefErS)

Th1s s the region where neer1¥re]1 the e1euds mo1sture content

and "weether' are ‘found. It is a reg1o$ of tehvett1on and vert1ta1 ( ¢
mixing! The temperature decreases ‘with e1t1tude untiT the tropepauee R | '
ﬁs reached th15 decrease 1sarough1y<3 6°F per 1000 feet (2. 0° C per
305 meteh§) e1t1tude About 75% of a11 atmospher1c mass in our

=

1at1tud% is found here the yalue 15 even h1gheh for the trop1c5 -

¢t

N 5 * N s - : =
This marks a place where the temperature begins to increase
%with altitude, Formjhﬁ\an'ipversian,%q

F + =

Stratosphere: This zone is roughly 20.miles thickg from 8 miles to

30 miles in height. The temperature increases with altitude from
abodt QSSOC-to!DOC or even higher; It differe from the troposphere
imain1y in its Thw, stable, water vapor content, lack of’t1ouds,hend

ihcreesed ozahe‘content near its top. Ozone (Dgf'is‘preduced by the~ ’
hembardment of oxygen . mo]éiu]es (02) by ihtenee ultraviolet radiation.

Hé?e atmospheric density is ebout 1/1000 of that near the surface.

The fewer molecules per unit volume of gas no longer effectiveiy

shield against the ultraviolet radiation.

Above this boundary the temperature starts to drop age1n

Stratopause:

Mesosphere: In:- the mesosphere the pressure continues to drop; here

molecules of oxygen (0,) and nitrogen (N,) still persist. The distance
between molecules is becoming greater and greater. Near the top at a
" height of about 50 miles, the temperature drops to nearly -100°.

Here we find ioniZation beginning to occur. Ions are atoms or molecules

I

O ‘ . s ‘ ‘ -2:3 ’ V *
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W1th an eTectr1ca1 eharge, ‘that is, they arg not e]eetr1ca11y neutral.

They are produced here by the bombaedment of gaseous mo1eeu1es by

=

high energy rad1at1pn frdm the- sun. .

. . : ‘5; _f 7 . . P S -
Mesopause: jﬁere again there is a reversal in the temperature trend

“at this b‘ou}?"aaryi . S,

i

i ,"

-Thermaephere or’ Ienaephere This :egionrextenda from about:SD miles

t to 350 ﬁh1eai ‘The temperature rapidly- c11mba to over 1500¢ C near the

top dftthefthermaaphere This region 15-eharaeter1aed by‘eensiderab]e
' ‘ »
_ e]ectr1ca1 act1v1ty resu1t1ng from bombardment oF molecules of gas by

-

- high energy solar radiation. The h1gh temperature is caused by thé\

.

preaeneefaf atomic oxygen (0), Whlch absorbs cértain wave1engths of
energy from the sun. Particles are so far apart‘thaf they travel
hundrede of- feet before cp111d1ﬂg The temperature is a k1ne¢1c

H

temperature rather than the usual equilibrium radiation temperature

Thus an;obgect placed in the atmoephere here wou1d,“r;;2d much colder
thap expeetedi Actually, the iopdaphere is divided into a pumber of
]ayerakof special interest to communication engineers because of their
effegt?an the transmission or refiection of certain radia'frequeneiesi
-However for %:r purpose, it 15 sufficient to know that most of the

gamma rad1at10 » X-rays, .and some of the u1trav1d1et radiation is

qbsprped by the var1dus layers of this region.
of ’ 5

.l

!

J
Exoe,ﬁere*

Here are found the Van Allen radiation belts. The earth's magnetic

f1e1 seems td be the d0m1nant factdr in controlling the motions of

| the; articles found in *this region.
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Finally we come to the region which extends to outer space.
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“Now that we have exam1ned the vert1ea1 structure of the earth ' ' .'\\

atmasphere, we are ready to examine more c1pse1y what effect th1sjpas an the

energy reeenved from the sun as 1t enters the atmpsphere and aanfinues on its”

R

Jaurrey to tﬁe earth 'S surface beﬂow Before reaching the atmosphere, there . -

fhas been™ 11tt1e 1oss 1n the amount of rad1at1on em1tted from the sun. . But npw

g%he quanta beg1n ta 1nteraet w1th the particles mak1ng up the atmosphere ‘and
i]osses in energy can be expeeted The 1psses that occur cause the "depletion of
jthe so]ar beam". . Various wave1engths are acted on se]ectave]y H1gh in-the |
atmpsphere, dep1et1on beg1ns as ultraviolet radiation-when wave]engths shorter

than 2400° sr 724y sp?11de with w1de]y spaced oxygen mo1ecu1es, (D ) break1ng

A’
“them- 1ntp atomic osygen (0). Beeause of the 1ow dens1ty of the gases, thEPE is

‘11tt1e tendeney for atomic oxygen to recomb1ne These collisions remove most of

~the’ very h1gh energy rad1at1on, 1ns1ud1ng gamma rays and x-rays. At: an a]titude

2

-of about 30 m11es, suff1e1ent G molecules exist to perm1t the1r sonvers1on into

(DB acsordlng toathe reaction: 302 _ﬂ§1_+'20§,

A1thpugh ozone ex1sts in the atmosphere in amounts of on]y 2 ppm S
(.2 parts per mT#11on), it plays a magor ro]e in screen1ng out u1trav1olet
‘rad1at1on Near?y all. u1trav1o]et radiat1on be1pw 3y s absorbed by the 03, i
roughTy 2 to 3% of the or1g1na] radiation entering the atmpsphere Th1s energy

absorpt1on causes the tempetature rise mentioned earlier. 0n1y 1 to 3% of the o

total energy rese?ved on.the earth's surface 1siu1trav1p1et;-

* . - [
. . N .
- . N i 5 &

As the so]ar beam cant1nues, scatter1ng of” the sharter wave1engths :
(b1ue) pf v1s1b1e 11ght occurs. As a resu]t the sky appears b]ue and tﬁe sﬂn
ye11pw or prange The b1u1sh 11ght wh1ph wou]d have reached an observer direet]y .

3
from the sun is scattered in a]] d1rect1ons by 1nteracttons‘w1th moiecu1es

-‘ ( A:i . ?
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~ About 6% of the eriginaT redietien is ecettereg:baek~out to epaee by the'upper

troposﬁhere.! Moet of. the v1e1b1e ]1ght arriving from the sun does manage to

penetrete te the surfeee and accounts for between 45 end 50 percent of the tnte]
energy rece1ved there Two gaeee, eerbon d1ox1de and water veper, which make
up a‘small pereentege of the'gaeee of the . etmosphere heve a large effect on the
abenrptlon of 1nfnared rad1at1oni Water vaper, in- pertieular, p]aye an 1mportent
rolgpin'incbming infrared ranietion absorption. »
?Eioude;f'i(eeunee— eempiieate the pietnre Hngh eirrestnatue type .,
E;the aitoetratus type mlght reflect over 70% of the energy etr1k1ng them. Averaged_
,’over the éntire earth 5 surface, ]oseee due to reflected rad}at1on-from e1eeee o
émnunte to. about 19%. In addition te the ‘energy refTeetedi-additiena1 energy ie
: abeorbed by the water particles making up the e]oud perhape another 5 or E%
| Add1t1ona1 osses in the 1neom1ng solar beam reeult from absorption of energy
by verfhue po11utants, duet partieles, etc. A]togetherf absorption losses from
- al’! eeureee reduce the 1neom1ng radiation by rnughTy 25% Finally, ref]eetion:by»
;_the eerth S eurfaee 1tee1f;remoyee enother 3% of energy arriv%né.frem the sun.
This leaves roughly 47% of the:énergy of the”erigina]“so]ar’beem available for

- absorption by the earth. Averaged over the surface of the earth this amounts

oo 9% 4o L a1 /eml i A 13600 0 457 . o,
10 fE—— X .47 = .Zgiéej/em /nln or fj=== X .47 = 166 /m : _
It should be noted that all of these.percentages are eetimhtee;'in’ L

;_pertieular it has been very diffieu1t to measure the amount of radiation reflected
by the etmosphere As a result, do not be eurpr1eed if you find different
'veluee stated elsewhere; often you will find the lower value of 135 /m g1ven

as the amount of radiet1on actually abeerbed by the eerthg This assumes a

2 8 x,- B “ | ¢

et . H

‘*:gi '
b

Ba




1eomewhat greater “aibedo“,'about 30% for the earth s atmaephere “A1beda“
) E 1 \

iie_merely the. rat1a of. the rad1at1on ref1eeted to the rad1at1an reee1ved, it 77!f

L
H 5
= ‘1 Y

,tF115 yau “the percentage of refleet1en

o So far we have exam1ned the atmosphere as a g]az1ng on1y fer 1neom1ng
iradiat1gn - One muet aleo see how well 1t funet1ens in reta1n1n§ the energy
’rece1ved by the eo11eetor As prev1ouely ment1oned the average earth temperature
15 about 15 C; th1e reeu1te in rerad1at1on wave]engthe in the. 1nfrared reglon
'w1th the maximum . peak oecur1ng about abeut 10u... Dne muet remember that any epet
on the earth FEGE]VES energy for only about;]/E day whereas it rerad1atee

eontlnuouely, 24 houre a day, The rad1at10n from the earth s surfaee extende

between about 4u and 7Du, 1neom1ng rad1ation is a]l 1eee than 4p water vapor

fabeorbe strongly between about 5u and 7p and aga1n beyond about 12p CDE

2 -

absorbs between 4y and 5u and, after a gap, beyond 14p§ D abeerbe a narrow :
‘band at 9. Ep Dne can eee then that two gaeee HEO and CDE’ effeet1ve1y prevent
the eeeape of moet 1ntrared rad1at1on beyond about 4u exeept for a band or
"windoy “,between Sp an 11u . Furthermore,- those gases exist in greatest abundanee
-in'thevvery lowest layers of the atmoephere, thus keep1ngtth1e energy cioeegto '-
‘the earth‘e eurtaee, i “ |

L " :
He have- now-examined the earth s atmoephere in terms of its. effeete on.

incoming and outgoing radiat1on; It would appear to Fu1f111 the requ1remente of

a suitable glazing material for the solar collector called Earth.
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s path through the earth’
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Before we examine what happens to thé sun's energy as it continues ‘on

in‘generai-teﬁms,

whu:h heat energ_y can be transferred

In our discussion of the sun we mentioned the three ways in

radiatien; cofvection, and conduction. .

Let us leek a 11tt1e mere e]eae1y at eaeh

s atmosphere, it will be well to review heat transfer ,

Heat is energy in traneﬁt betwegn two substances at d1fferent temperaturee,

»_theaflew_ae aiwaye from the. higher. tp the. 1ewer temperature. ,_Temperature in

1teelfg_1e not heat energy.

energy'(energy'ef mptien) of the part1e1ee mak1ng up a substance.

Temperature is a measure of the everage kinetic.

temperature of.a substance the greater the average k1net1e energy ef it! a

part1e1es

the Tnereaeed kinetic energy of; eaeh particle making up the substance 15, on an

average, h1gher and each part1e1e effeet1ve1y mpves threugh more space. The

" amount Qf heat energy wh1eh can be- traneferred between two eubstaneee depenﬂe in

‘part on the temperature of each supetanee their epee1f1e heats, and their maasee,:'

Q élMCAT.

I

(Q stands for heat energy gained or lost; M,the mass ef the substance;

The h1gher the o

For exemp]e, meet eubetaneee expand as the1r temperature rises because

B e e

_;thhe specific heat of the eubetanee,‘ane~eTg_the temperature change of the material.

This assumes no phase change has occurred.)

Heat can be transferred in one of eeverai ways.

f:

Cenduetien is important

" in the case of ep11da, eepee1a11y ‘metals which are good’ cenduetere of heat energy.

It 1nve]vee transfer et kinetic energy frum atom- tﬁ=atum or molecule te molecule.

Heated meTecu]ee trenefer some of’ the1r v1brat1pna1 energy directly to the1r

1 —

‘epe]er ne1ghbere_

30

On a me1eeu1ar 1eve1 this reeu]te in 1arge eea1e energy



- have- e]ectr1c magnetic, and part1c1e prope

" case they are called radio waves, or -exceedingly short (107

-27-

letransfer;__Tah'les have been prepared whidh aive'the-thennaT'conductivities'oF

he 1cwer the conductance the better the 1nsu1at1ng:va1ue

‘ The amount of heat 1cst by conduct1on depends not an1y on the thermal conduct1v1ty

of”’ the substance but a]so upon the Cross sect1dna1 area of‘the ccnductor, its”

th1cEﬁess (or 1ength) the temperature d1fference between the two surfaces, and

Lz - B N £ [

the 1ength of t1me*cons1dered ’ - ‘

a

Ccnvection is especia11y important in the case of fluids (gases and

;quuids)i= It invo]ves the traqsfer of. heat energy by the actua1 movement of the
" heated f1u1d The movement of the f1u1d 1s produced by forces ar1s1ng out ot

;;d1fterences in density wh1ch resu1t From uneven heating effects 'For examp]e,u_-

-the water in the bettam et a Egttle next to the surface of the stove absarbs

= %

"energy, expands s]1ght1y (caus1ng its density to d1m1n1sh) and 1s then bouyed

upward by the surrcund1ng, more dense, co1der water Convectlcn currents are

S1nce all of our energy from the sun comes to the earth by means of

rad1at1en,!.t is important to know something of the laws that govern radiation.

- Radiation 1nvc1ves_the transfer of energy thrcugh space by e]ectrcmagnetlc

waves. ' This is'a very comp1ex subjecty 1t\\111 suffice to say.that these waves .
ties and they do not requirefa a
mater1a1 med1um 1n wh1ch tobe propagated’n These may be many meters 1png, in wh1ch

-12 meters) such as

Vgamma rays " As 1nd1cated ear11er, other e]ectramagnet1c radjation 1nc1udes infrared

~ radiation, yis1b]e Jight, u]trav1c1et 11ght, and x-rays. A1l travel at the same spe

-through a vacuum: the speed of Tight,VISS,DDD miles/second or 3 xhk f_meters/

second They ar1se as a result of acce1erat1n§ changes.

‘g‘r
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wifhin“the'nuelees itself.  Radio waves can be predueed by electrons Qse11]at1ng 1

~in epprepr1ateﬂe1ectr1e circuits. Nhen these waves interact with: matter they act B

as 1F their energy were. eonta1ned in Tittle bund1es ea]ied ‘quanta. Th15 he]pe
A»ite explain why rad1e waves de not demage your bedy in the way X=rays de and why
: u1trev101et reys een g1ve yeu a suntan but visible Tight eannet Incidentily,
A'1f yeu have fergotten the re1et1ensh1p between wave]ength (n), ve]eeity (V), and
-Afrequeney (f), it 13 feund by the express1en V= fA where V 15 a constant |

o

- There are three laws of red1at1on that ere usefu] cin-our work.  -Strictly
epeeking the laws apeTy to meter1el§ that are perfeet'ebserbers and em1tterexof

radiant energy ("black. bodies“)  ‘Hewever—‘they give~very gded appreximatiene for

the eetua1 situation 1nvo1ved in solar rad1at1on and energy ebsorbed or rered1etedA

by the earth The f1rst of these 1ews is known ae 'he-Stefen Be]tzmehn Lew

The total energy em1tted is d1reet1y prepertreﬁe1 te thg fourth pewer ef the

‘absolute (Ke1v1n) temperature, E = T4 (Remember, Dg C + 273 ). The second ef

U
‘these ]ews is knewn as Wein's Law: The wave1eng;h at which the rad1at1en is
Amest 1nten5e is 1nverse1y propertwna] te the abseTute temperature of the source,

A max « I/T’K qr:wr1tten as an equatien, A= K/T'K where K is a constant, .EQA;m K,
A ietweveiength in een;imeters,}end T is tempgrature in . One een see‘ghdt‘the~A
more the temperetere~inereesee; the shorter the Wa§e1engtn'ef‘the max imum radieeien
will become.  This ekp]eins nhy one would exbect the radiation er%e%neting in tne
depth of the core of the sun (temperature = 16,000 DQD K) to be very h1gh energy A

isL‘é

AAgamme raye ‘while that at the surface (temperature 5800~ K) weu]d be Tower energy

v1s1b]e 1lght or 1nfrareei



“The most general radiation law is Planck'g law; it is réther*eemp1ex

‘hsteed‘ef-stating the methemet1c31 Form of the 1aw a eer1es oF

ifvtted be'low te show the relat1ensh1p between the ameunt of energy

‘em1tted eﬁdtthe waveTength for ebJeets et d1fferent temperatures Dnevcan see

‘thet the h1gher the tempereture, the more the mex1mum energy (peek of eurve)

-

'shifts tqward the sherter weve]ength “Also the tete] emount of energy at any o i

Q <
pert1cu1er waveiength 1nereasee with temperature. However, a,'any one tempereture

»a w1¢e Spectrum of wave1engtherere produced. ¢ o
co : L o .
? f’f—.
(:T) P . . e .
< PLANCK'S LAW 7
'53 > : L ’ -
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e
- A Vi WAVELENGTH -~
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SECTION VI s" ~

e ATMDSPHEREWHEAT BALANCE e_

+

In the “last seetian, the effeet df the atmosphere on direct 5D1ar <

) radiatien uae discuesed Seattering, reflection, and abenrptidn reduce the

*ineum1ng snlar energy at the earth s surface to 47 percent of its driginaT va]ue ‘
‘“In'ender to maintain 1te dvera11 mean temperature’nf 15'c,‘the earth must rid
w'eutput.; App]ying ‘the 1ane nf rad1at1dn one can' ta]cu]ate how much energy must
_be rad1ated Frnm the earth'§ surface ‘to maintain a mean temperature of 15%, "

irusing the amnunt of direet radiant energy from. the eun .as_the input, When th15,

is ddne, a surprising reeu]t is fuun’, the earth must radiate energy at its

'eurfaee equa] td 14 pereent Qf the d'1gina1 solar beam (measured at the top df -e~v

) the earth‘s atmuephere) SR - w0 .

This suggests that we must Took at the heat ba]anee 1n the earth-.
atmuephere system. It is DbVTDUS Frdm the 1aw of edneervat1dn Df Fenergy that the

-~ total energy received hy the system must be equa1 to the total energy g1ven off.~

s

by the system. The earth eannnt g1ve off more energy than it reeeivesg Hdwever,
_the f1dw of energy 1ntd and out of the earth can be, and is, different "than the
!radiant energy flow to and from the earth atmdephere eystem This means. that
~"prm:eesee ether~than direct radiation are eperab]e Apparentiy the earth is acting
: radiater, with the whd1e»syetem in ba]ance w1th the energy 1nput from the sun.

“1F the earth 1s a net’ abserber of .radiant energy, it must rid itself of any

 excess energy- by other means. Let us ceneider‘seme«“”"" i

. . N

In add1t1nn td rad1et1dn, heat can be traneferred by “conduction and’

eenveetidni So far we have been concerned with a k1nd df heat known ae "een31b1e
N A



) heet“@‘ It is the kind that ycur senses detect « It showe up as a change in’'

,hefheat eher{

mqvediibeut by conduet1on, the heet #eTeasedj

5 heated The etheﬁ\k1nd of heat .

as fuel burns, or the energy stored as water
is. "latent heat", or hidden heat.. As it is stered there is no change 1n

tempereture by‘%he gter1ng med1um For exemp]e, it takee over 500 eeTor1ee to

’ chenge 1 grem ef water (liquid) to one gram of water vapor. (At ‘the bo111ng

po1nt thms.value s 540 ca]gr1es per grem andlje known as the 1etent,heet of
veper1zet1éh) This 5; over five times the amount of heat needed to warm one gram

’ i

of water from its freez1ng po1nt to its ho111ng po1nt “So it can be seen thatrthe

evaperatlen of water can store (and remove) large amounts of heat energy Each

“gram of Tce absorbs 80 calories of heat energy in melting. Other'preceeeee can f

‘also store latent heat. - ' .

] The eerth—etmoephere system ee a whole reCeivee a certain amount oﬁ'
F:energy from the sun. It %e the system that must balance 100 percent energy out-

V( FTow againet 166¥pereent energy 1nput Thie‘BaTance is shown in the diagrew below.
At the edge of the atmosphere the eystem rece1ve5 108 percent rad1et1on input

.-

f; m the sun. Leeeee from the system 1ne1udej 3 pereent long. wave red1at1on

. .aggb'hed by the ozone ]ayer; Tong wave radiation absorbed by water vapor, CQE,
and c\ouds (22 percent) ehort wave (v1e1b1e light) ref1ectioh from clouds, (12-

pere,‘t) and the earth s surface (3 percent),. and scattering (E percent) ‘The

, 47 pereent, must be returned from the earth to the atmosphere and hence

-to epace 1n erder to give a het heat 1nput output f]ow of zero.
:‘é = . -

’ Cons1der now the. eurfege of the earth. Here a ba1enee must ast exist.
Net heat in muet eque] net heet Qut othen~1ee, the temperature will change

However, the amount of energy treneferred to and from the surfaee does not have

-
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to be the same va]ue as that transferred between the sun and earth atmdephere

'i,have a]ready_sa1d that the total. energy rag1ated 13 114 percent ef the

1ncdm1ng rad1at1on measured at the top df thegearth 5 aimdephere. Hewever=
the amount of direct radiation from the sun amounts to only 47 percent The

d1agram ehowe how this prob1em is so]ved It is epparent that the earth rece1vee

a CDﬂS1derab1e ambunt of its energy trom eources other than the or1g1na1 d1rect o
, - _ :
eo]ar beam. L

Of the N4 percent long wave energy radiated from the Earth‘e'eurﬁace only
about 5 percent‘eecapes directly to space. This.is the part of the infrared

epectrum with wave1engthe of 8- 11p 1 You w111 recall that there is a windEW“

3 ra

~in the water vapor absorption spectrum around 10u Abbut 109 percent is trapped
in the atmosphere by the water and CO2 moiecu]ee. Of this about 96 percent is .
rerad1ated to the earth A5 rface, the rest, 13- percent, 15 radiated back to epace
Thus, there is a net rad1at1on loss of only 18 percent. We have a1ready shown
that the 1ncem1ng rad1at1on abeorbed .at the eurface is 47 percent " How doee the -

earth r1d 1tee1f of the other 29 percent? Here 15 where the earth s storage and

¥

traneport system muet come to the reecue Evaporat1on of water 1ntb the

atmoephere accounte for the remova1 pf another 24 percent of the absorbed heat

=

energy, this t1me in the form of 1atent heat. In addition, conduction between
the earth- atmoephere 1nterface and convect1on removes another 5 percent as

sensible heat. Actua]]y, th1s is, breught about by a 13 percent eene1b1e heat
1nput tb the surface of the earth frdm the atmosphere which is offset by an 18

percent 1dee from the surface to the atmOSphere._ One’ ehou]d remember that ehort |
e :
- wave rad1ation frbm the sun heats the earth s surface and the’ atmcsphere on on1y -

=

" one hem1ephere while rad1at1on and conductaon cenvect10n 1oesee are occurr1ng

over the whole sphere. R - e

Y
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i Checking out the heat balence, We flnd that a net rachat‘idn 1css cf ' 7 -

18 percent;sa 1atent heat 1dss cf 24 percent and a sens1b1e cdndUct1onacenvect1dn o
gf%OSS of 5 percent just ba1ance the 47 percent solar rad1at1cﬁ 1nput. Actually
severa{ﬁsma11er snurces of energy have béEn 1gncred* -These are S0 sma11 they
‘ can be . dverldoked when ca1culetlcns are made on a: g1dba1 bas1s Loca11y, how—~
ever, they may be 519n1f1cant They 1nc1ude %he-remevai of energy thrdugh
1atent heat - asscciated with phctcchem1cal processes ma1n1y phctosynthes1s
( .13 w/m ), the add1t1cn of sens1b]e geethenmaT heat (+ 06 w/m ), the add1t1dn
~cf heat frdm fnss11 fue1 burning (%sDZ w/m ), and heat added by metabolic pcncesses

(+10005,w/m')! Cdnpared to the }35 n!m solar 1nput these are 1ns?§n:ficant!

s

A s1m11ar sort of heat balance can be werked eut for the atmcspherei
‘ Rdom dees ndt permit shdw1ng it on the d1e§ram. Here aga1n heet THPUt must equa1
, {heat dutputi! Slnce the earth 15 a net abscrber of rad1ant energy., the atmcsphere
iémust be a net radiatcr The atmesphere acts as a gdcd glez1ng mater1a1 trepp1ng
'»,much cf ‘the earth’ s, long wave rad1at1an and then rerad1at1ng it back to the surface

fA]sc much cf the absorbed end scattered shorter wave1ength rad1at1dn 1t rece1ves \

'1finds its way to, the earth s "surface; such dlffuse rad1et1cn accdunts for a

s1gn1f1cent amcunt of the enerqy rece1ved by the é%rth

The next secticn will deal with the atmcsphere as a transecrt system‘_n f};

It has aJready been pd1nted dut that far more sg1ar energy arr1ves in ‘the ;:'w :
;equatcrlal reg1dns than at the po]es The chy p1ace that 1nccm1ng rad1at1cn is ;
!equaT td eutgcihg radlat1cn TS ln the region “near 36°° 1at1tude., It becOmes 1mpcrtant-
then, tc understand ‘the mechan1sm by which energy 15 dlstr1buted thrdughdut the L

“fig i

earth s surface by ccnductybn convection.

e
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"

TTHE EARTH'S ATQDSPHERES.,’ :
THE @GY TRANSPORT YSTEM«-T

Y r ¢

::J?* Dver EDDG ‘years ago;’ Areh1mede5 d1scevered the pr1nc1p1e that . the _ _&%

huﬂyent ferce on a body immersed in a f1u1d is equa1 te the. we1ght of* the F1u1d
d1splaced Let's. see how this can .account for Vert1ce] met1en 1n our etmesphere,
. .

f1u1d A1r 15 a re]at1ve]y peer cenducter of heet As 1ncem1ng solar

" rad1at1en heats the 5e11 only the elr W1th1n a few:feet ef the greund is heeted

by eenduﬁiﬁﬁﬁ Th1s air expende end 1ts den§1ty becomes less thenasurreund1ng

eco]er e1r It is bouyed up by th1e unba1enced foree and it beg1ns to rise. if?

r

- Many of these parce]s of air mey join together and form ;‘1arger mass - known as

“theﬁma1" of course, their p]ece must be taken by ‘cooler e1r mov1ng in from

‘ the sides, Once these parce1s break away frem the ground, they Tese ﬁheﬁf energy
. . \ . :
_source. As they move upweed etmosPher1c pressure decreeses eﬁd Furthéh exﬁens1en .

,Qccursi Nerk is dene by the parce?s of air on thE1r surreund1ngs as they rise
7
~and expand This energy must be dﬁta%hed 1nterna11y -As’ their internal energy .

decreases, the temperature of the perce1s m&%ﬁ dropi Such a change in temperature /

1witheut ;he addition or remeve1‘e¥~heat is sai{ tg be'“ediebetic". _' o

'ew far theee parcels rise depepds on the Surreund1ng atmeepher1c

", li?’l‘sg'ililg; .

%_: o
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Cég:

et

'7i}1 ‘air.,

This'tends’:

t at bx iate afternoen there 15 11tt1ef ndency fnr parcels to | FTSE. then a

,fre-w1th a]t1tudé) occuks at n1gh;§tear

ant ex1st an’ unba1anced Force adt1ng on them.- Tﬁfi;;
I ,’: <.

grad1eqts that d:j

 Jop between twa p]aces un the surfﬂ 'uf the earth, Agafji

.[,

~solar energy rece1ved From the sun pr§v1des the dr1v1ngffurce,_ Sma11 sca1e circuTaT

i a N

t1on5 can deveIap as a resuit of daily pressure gradients set up because Df the
; different rates at which 1and and water masses heat up;. The SpEC1f1E heat Df
Y L =
ﬂrqdﬁat1nn is t;

IEnd 15 1ower than that of water. In add1t1oﬁ§ the sof;; Vnsm1tted

r‘ \\ 3 -
deeper into the water and 1ts energy is therehg d15t?1buted over a 14

! mass
pég surface aréa._ As a re% }t ?Ead mﬁssesaheat up and caq1 down faster.than ‘

_ water masses._ The air 1n untact w1th the 1and masses aIsD is heated more
’ \ L (_,
rap1d]y.? 1t expandsiand b?:ames 125& dense BETHQ at a Tower pressure than the o

&

}

- cooler ﬁfr above the water, éi ur1zgntal pressure gradient %s farmed and Sea :

"breezés'develnb Thesekblnw 1and during the day where the pres§ure is*s]i@htTy

'FA:"'V

_ Jess, éeé*ard at n1ght where-tﬁe DPPDST%E‘

'ftPUE ‘In some: Riaces, this ' ' ;

Ves rise- to the so- cal?ed "manseans .

E
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Dn a wor1d wide’ sca]e,,we.can see that the incoming solar radiation
anr1v1ng at the equator1a1 reg1ons is much greater than that arr1v1ng at the polar

" region. The: ﬂut901ng rad1at10ﬁ is ‘more nearly equa1 in a]] reg1on5 and is only

E

511ght1y 1ess 1n the po1ar reg1on Th15 means that in the equator1ai regions

there 15 a net surp1us of heat and in the po]ar reg1nns a net deficit; on]y at
r‘ :

&

get co]der and co]der and the equatar1a1 reg1on hotteP and hotter

= f"—l
-

S

. Figure. 1 '." .
RADIATIQN EALANCE

i

C&ﬁgéfﬁgfi
Radiation

.

RADIATION UNITS:

Incoming Rudiation

Y

LI 1 !"7| T Ll LE 1 1 1

NP. 70° 'SQQ- 30° 10° E’qq:i;jar
o L 1 ~ LATITUDE .

= h . - ® . B
} ; N ) §€1

Fnrtunate1y, the atmcsphere prav1des thg so1ut1on Before we 1aok

H

'fat the actua] p1cture oF what taH%s p1ace, 1et éaexam1ne some 51mp1e p9351b111t1e5

.: & -

IAs tha warm, surface a1r of the eqdatak1a1 region s heated, it becomes‘]ess

| dense and rfses, expanding ad1abat1c311y * It spreads out moving po]eward While

S

b15 15 occurr1ng, cooter polar aJr s mov1ng at: Tawer lgve15 tuward the equator,

1
dﬂ&

tak1ng the p]ace of the warmar r1s1ng a1r These motions set up a c1rdu1at1on

. pattern such as shown in figure 2. a S S
1% . il

é : N i

. ' e
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But such a cand1t1an does not rea11y ex1st for we have forgnttan ta

;take'intc consideration the rotation of the earth. The effect of the rntaf1an
is to make it .appear that a force cnnt1nuou51y acts at r1ght angles to shift the
d1re¢t1on of motion of any abaect moving through the atmosphere. In figure 3  ¢_
beIaw,an QbJECt 0 Starts mnv1ng from the north pole towards X While it ig
maviﬂgrsauth thraugh the atmesphere, the earth rotates eastward bgneéth it. The
QEject’d ends_ué at Y.making itYappear that a-westward directed fqrge;was acting'

b - B . BEEY

RIS T — e
Bhe -

Figure 3
CORIOLIS EFFECT

Equator




Eggé Fa
: on it, def1ect1ng it towards the r1ght as 1t traveled southwardﬂ In the ncrthern
hem1sphere the object w111 aTways appear, to 5w1ng towards the r1ght, 1n the southern

RS

hem;spherg it will appear taitgrn towards the left. Th1s effect 15 gncwn as the

coriolis effect or "force" ItfmaEES-nq'gi$ference whq:ﬁ;way tgg?obgect initially

travels. The magnitude 6f'the effect dgpends on the'éﬁeéd of the object and its

- latitude. It 'is zero at the equator 31nce there is no rotational effect of the .

earth's surface there. It s maxﬁmum in ‘the po]ar reg1onsi (See figure 4)

MAXIMUM ROTATION | =
AT POLES

HNO RDTATIC}N ——— .
ABOUT EARTH'S AXIS AT EQUATOR ) ¢

'£{§£Ee effect ¢f all this is to modify the Driginéi single cell (Hadley
WCET]) pattern and, in fact, make it an imﬁcssibi]ityi Aloft, the air wouid‘be
moving northward and sw%nging to the:right (east); near the surfaZe the air would
be fTowﬁng southward and swinging west. To accommodate such a pattern, the wind |
speeds in some regions (polar) would have to become so high that turbu]ént flow

would occur. This would bring about a decrease in velocity to such a point that

the law of .conservation of angular momentum would be violated.

Lo

. hJ
The generalized circulation pattern that does develop is shown in

e : L ) N , . . . T
figure 6 and accounts for much of the weather found in various regions of the

warld.

13
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Th1s is 5t111 an OVEr51mp11f1cat1on since it prov1des no way .to !‘

transfer enérgy fram the middle latitudes to the po]ar reg1on5, ThTS is accomplished
be energy transfer between the 1nterfaces of small scale c1rcu1atory systems -

’ 1nvo1v1ng air: masses of different densities and rotat1ng in opposlte directions,

" the "h1gh“-and " ow pressure" air masses common in temperate 1atitudesg These .

- 13

N

PREVAILING WESTERLIES

-] MORTH.EAST
TRADE WINDS
DOLDRUMS  COMVERGEMCE

@m\g@ =

ﬁéuré 5
GENERAL CIRCULATION FATTERNS OF AIR FLOW

N ™\ wepes | aerine SUBTROPIC
) @DEE LATITUDE-"" S e

[INTERTROPICAL

systems develop along more or less stationary waves of rather large amplitudes and
lengths that exist between the polar easterlies and the prevailing westerlies.
Associated withxthis confrontation zone are the jet streams: high altitude ribbons
gfrhighs‘eiocity (300 miles per hour) winds winding through the upper trdposphere
amd apparently steering, to some extent, our storm systemé.
— —  7777 1 — s
“Equator
i '. - i \
S ' . o
, . ) 44
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VAR 1 AT 1 ON 1N INSDLﬁI on

s e have been concerned, so far, with the production of radiant energy

ibﬁffﬁgisun with its transmission thrcugh space to the outer reaches of our
atmgiphere, and w1th its gﬁhkequent depletion as it passes through the atmcsphere
on 1ts way -to the earth s surfaie At the solar surface we found energy being:
radiated at the rate of 100,000 za1ar1es/cm / minute. 'Hﬂwevef, the earth- located
abaut 93,000, 000 miles away: offers such a tiny target that only 1 .94 :ainr1es/
e’ / m1nute-arr1ve on a surfdce perpendicular to the sun's rays at a point in space
just aut51de the .earth's atmosphere. This value is known as the solar constant.
As ment1nned prev1ou5{y, a ca]ames/cmE is often Ea11ed a ang1ey and the solar
ﬁanstant is often expressed as 1.94 langleys/minute. S1nce this energy will be
5pread over a rotating spherical surface, a further reduction by a factor of 4 is
requ1red (see section on The Earth - A Solar Collector); this TEEQES roughTy Di49
langley/minute. Finally, we saw that the atmosphere brings -about a further reduction
af'rgugh1y 50 percent which means that about 5.25 calories/minute or 0.25 1ang]ey/
minute arriveslﬂn an average on the earth's surface, This value is useful -when
. we are'diséussing the earth as a solar collector or analyzing the earth-atmosphere
heat balance. Héwever,'each one of us lives at a specific spot on the earth; we
need to know hoy much energy arrives there and how it varies over the course of a

" day, season, or year. ¥

The total solar energy received on a surface is called insolation.
Insolation at the earth's surface is usually measured in terms of the rate at
which energy-is received on gihariz@ntai surface. This energy comes from direct

solar radiation as well as from diffuse vadiation or that scattered out of the
- .
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directwsq1ar beam: The s;m of the direct aﬁﬁ diffuse radiation is called g1bba1
;rradiatibn Diffuse radiation comes from all parts of the sky and accaunts for

approx1mate1y 45 percent of the tota1 “insolation on br1ght c]ear days; on c]oudy
days 100 percent of the insolation is diffuse. The insolation at any spot on the
earth's surface may range from 0-to a maximum of about 1.4 langléyslﬁinute (6n a
surface perpendicular to the sun's rays). The factors that affect insolation are
Tatifude,'tiﬁe of day, time of year, cloud cover, atmospheric turbid{ty; elevajion,
nearby or distant obstructions, and orientation of the land surface.. Let's'take

‘a closer. Took at each one.

Genera11y,twa things determine the amount of rad1at1on ava11ab1é per un1t L

area. gf graund surface.%fﬂne has to do with the actual depletion of the se1ar beam

as discussed in previous sectians; the other is related to the angle that the

< i=0° &y o

77,
¥
7 A .
z -t = . -
' oo Ak - {;—‘?fj“' A : ‘3 \
, ‘EFFECT OF BEAM ANG’LE

VIII-1
sun's rays make with the Surface{ Consider a beam of rgyiant energy 1 meterz in
.cross sectional area. When this beam strikes a Su;face with an angle of incidence
(£1) of 0°, its energy is distributed over an area of. 1 meter square. The énQTé
of incidence,",j, is the angle measured between the incoming (or incident beath)
and a iine drawn ﬁérpehdicu?ar to the surface. As the aHg]e of incidence 1ncpeasess
16 | .

l’:n.:

|
i
I
!




_
L

-43-

the beam s enérgy is pragresa1ve1y spread over a larger and 1arger area as shown_

1n F1gure J The amount of energy per unit area decreases as the angle of incfdence
increases. | Th1s means that the sun's. apparent position in the sky 15 very 1mportant}
The higher the sun, the more nearly perpend1cu1ar to the surface are 1ts rays.. The
height of the sun, miasurgd in degrees above the horizgn, is known as the solar

altitude. .
S v » \

Latitude - | | , @
| Over the course of a year, latitude has the greatest single effect on
_.in56]atign received at any iacétich1 fhe reason for this is two-fold: the higher |
;fthe 1atitﬁde, the more slanting (larger angle of incidence) are the sun's rays to
~the surface of the gréund as can be seen in Figure 2. This means Ehat the

.energy received per unit area of surface will be less. The second reason can also

REREIS

Equator 0°

PR g%

Insolation - Effects of Latitude

VIII-2 ,
be noted in FiQUreEE The path of light rays through the atmosphere to' the surface

is shorter in the equatorial reg10n (a) then it is at higher latitudes (b). More
energy is remaved fram the beam as 1t passes thraugh this greateﬁ\depth of

atmosphere. . This effect is. readily noticed, on a da11y b3515 when 0ne can often

L
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“Taok d1rect1y at the sun at sunr1se and sunset w1thaut -damaging One 5 eyes

i?i Another effect that thi?_greater path length has is its chaﬁges upon the

f:reiatiVE amounts of the<kinds of radiation arriving on the?earth'sfsurfécegb-The
mor1g1na1 solar beam arr1V1ng at the top of the earth's atmosphere cgn51sts of
apprnx1mate1y 9 per:ent ‘ultraviolet, 40 percent V1s1b1e and 51 percent infrared
vradiatianj If the solar beam passes directly downward through the atmnsphere 50
’that its angie-cf ircidence with the~éarth‘s surfaée is-Dé, the radiat1un arr1v1ng
Jat the surface will be made up of about 5 percent u1trav1a]et 47 percent visible,
,and_48 percent 1ﬁFrared. If, on the other hand, the angie of incidence is abgut
8097 the maké ﬁp of tﬁe 1ng1dent radiation will be about 0.5 percent u]tr§v1alet;
41 percent v151b1e, ﬁnd 58 5 percent 1nfrared These vaiues assume reasonably

clear unpa]]uted air, with a prec1p1tab1e water-vapor pressure QF .2 cill.

L

T1me Bf Dag I \F f"* _ R ' h /

The variatmn in 1n5DTatmn received-with time of day is related tD the

“At sunr'lse, the angle of incidence of the sun's

;fsame two- facfors discussed af

rays is nearly 90%, At sg1ar hegn'41t is minimal. Insolation measured Qn a
har"lzanta] surf’ace plotted a{*tqst time of day is shown in #1gure 3. As might be

expected, the general shapa Bi tl?e -graph follows closely that show’lng the sun's

aititude plotted against timeibf day.




T1me ,JF Year‘

)

In add1t1an tg .the two factors already- di%CUSSEd -the sun's a1t1tude
and var1ab1e path 1ength year1y var1at10ns 1ntroduce changes in the length of aay
as we11 ’ The earth : Surface in the northern hém1sphere receives rad1ant energy

Vfor longer per1ads‘1n summer thén 1t ‘does in winter. The explanation for all of
these yearTy var1at1ons is re]ated to the fact that the earth S rS%at1ona1 ax15

s tilted 23 1/2 with respect to-a line drawn perpend1cu1ar to the plane of the .

earth's prbit about the sun. As-a result, in the northern hemisphere the sun
- 1-'55 =

! March 21
| 'VFI-ISI;4
appears h1ghestslgﬁ£§e sky at solar noon on June 21 and lowest on December 22,
(Figure 4). A fourth factor must also be considered. The earth s. path about the
sun is an ellipse. This means that the distance between the earth and the sun
varies fromatoyt 91.5 million miieé in December to 94.5 million mjles in dJune,
making the eafth :1osest to the sun during our winter. Theré is a corresponding

};var1at10n of about 3.3 percent in the solar constant As a result, at a latitude of

"ﬂ- a slightly h1gher insolation ma?ue is measured on a surface normal tg (at

1t ang1es tc) the sun's rays at noon 1néMarch than at noon in July.

-

< ,fﬁa
gwﬁ oud Cover
Cloud cover means the extent height, th1ckness, and type of clouds | ; g;

covering the sky. Cloud cover br1ngs about the greatest day to day variation in

E MC ) a8-008 O =70 = 4
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" insolatton at. any particular 1eca11'ty; it is also the least predieteb]e of any .
of . the veriab1e5. It is the var1at10n in e]eud cover that causes the large

#

differences in daily er month1y insolation ve]ues between places of similar
. 1et1tude It.is otten ‘the most 1mportent faetor in determ1h1ng seasonal var1at1cn5.'

For examp1e, Un1ted States weather service data shows that in January the _percent

-of roughly 34 BTU/ft /hr or en]y 0.09 1eng]ey/m1nut§b Yet eecerds show that much

£l
larger differences. in the mean da11y insolation for the manth of January exist

between the cities (on the order of 1,000 pr/tt’/deg)g_, ‘

F

Atmoepher1e Turb1d1ty

Haze, smoke, fog, smog, dust, etc., all centr1bute to the tyrbidity of
the atmesphere.: Turbidity is the reduction in the transpereney of thg dtmoephere
caused by the scattering or absorption of visible light by .such particles. Pollution
around large cities can decrease insolation by as much as 20 percent compared to

'ehrreunding rural areas. In edditien: turbidity alters the percentage of u1trevieiet,
v1s1h1e, and infrared radiation rege1ved in much the same way that increased path
“length daes._ The amount of u]trehiolet and visible light received decreases and

“the amount of infrared radiation increases with rise in turbidity.

AT,thuge |
- Increased altitude 1ncreasee the energy content of the d1rect solar beam
and therefore the insolation received. This is true béﬂhuse the dens1ty, end
’-thereferéfthe nhmber-ef particles, eeereaees with altitude. Fewer particles produce
"i]ese 3bsehpt%on and scattering of the incoming solar beam. Mountain climbers
" are well aware of the increased h’keﬁhead of sunburn and usually take preventive : .

E 3

action to avoid it.

D0
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) Dhstruct1ons : " . - o

. Néarby obstructions such as trees and tdll bu11d1ngs can bTock off.t
- direct rays af sud11ght dur1ng part of the day Even if they ‘do not b]ack fo thEF-
d1rect sunlight, they may 1nterfere cont1nuou51y with the diffuse radiation that '

would be received fram certain areas of the skyﬁ' In h111y or mountainous sections, .

.1 &

x

!the har1zon may be s0 altered as to mater1a11y reduce the ava11ab1e insolation.

g 0r1entat1on of the Land Surface :' P A,?_f;_

-

7 We have indicated that ﬁost insolation data is for a hor1zanta1 surface
If the land surface or surface of the solar cn11ectgr s]opes, the amnunt of
insolation W1@ﬂ vary In the northern hemisphere south-fac1ng 51opes rece1ve more
:1nsciat1on, north fac1ng slopes 1e55 Max1mum 1nsolat1on Dccurs when the surface

]

is normaT to the sun's rays. The effect of this. is often noted in spring when the

a £

snow melts first from steep south-facing slopes or embankments.

A1l of theseggactors opé%afé to produce considerable variation in the
~ mean da11y solar rad1at1on available in different regions throughout the United

States. -Actually, the amounts c1ose1y follow the distribution of cloudiness.

The Paciffc northwest and the northeastern states share the unenviable
status of béing the cloudiest portions of the nation. On an annual basis, both
portions receiyé mean- daily global radiatjonivaiues (on a horizontal surface) of
about 300 langleys/day. Tﬁis contrasts with the sUnniestxpértion of the country,

the snuthwest which receives about 500 1ang1eys/day Undérstandab1y, the Southf;'g

west is an attractid% region for so1ar energy research and app11cat1ans

I

_ ;. Seasonally, the southwest receives on the averagefabout 300 Tangjeys(Ty)/
day in January, EZS“TyIday'in April, 675 ly/day 1n'du1y, and 425 1y/day in October.

The southeastern states during the same months receive between 200-300 1y/day,

@
i
*
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reapeetwe]y (Theae Valuesg as for aH the reg1ons de'f‘rn‘ed here, are representatw‘,,’

of the reg1on as a. Whoie. Ind1k1dua1 1oeat1ona typ1cally exparienge dev1at1ens N

&east January rad1atien amoants;approx1mate 130 1y/day, Apr11 375 1y/day, July, 500 Tyi

{!

day= and Dctaﬁer, 225 ly/day. Dur1ng the same months, the narthwestern atates

exper1e ie 125 1y/day= qggily/day, 625 1y/day, and 25@ Ty/day-, reepect1ve1y~s -

The var1at1on Tn,mean da11y sa1ar radiation on a statewide baSTS can be k

eeen by examining the f19ureawfar iNew York State For the annua] per1od the mean

g

da11y gioba] solar radjat1on (on a hor1aonta1 surface) is approx1mate1y 300 1y/day

far the state Centra1 and eaetern Long Island exper1ence the max1mum w1th -about .

315‘1y/day while the maunta1n0ue Ad1rondacks receive the 1east 285 1y/day These Vﬁ

va]uea are 1970 to 1978 averagee based on ava11ab1e solar rad1at1on data far

twe1ve state 10cat1Dne.r

=

an& occa51ona11y even over eaaterniaeat1ona In;Deeember= most of upstate New
York averages betWeen 75 and 100 1y/day wh11e the Hudson River Va]]ey and Long
151and receive about 100 ly or so. January sees an increase of about 50 1yfday

statewide. December norma11y is the month of least solar 1neo1at1on wh11e July §P%¥

is usually the eunnieat month While the areas adjacent to the Great Lakes,- the
Hudsonghtver Valley, and eastern Long Island average greater than 500 1y/day in
July, the bulk of upatate New York and west-central Long Island exper1enee from

473 to 500 ly/day. ‘ : | g}a;_

-
&
.
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_One Qfﬁthé.mastl

STMBIE is merely a récord of the durat1en Gf‘sunsh1ne the mlnutES af 5unsh1ne

1s:measured Actua11y, severa] bas1; measurements can be made.

rece1ved per day as routinely- measured by Naﬁiﬁ al Neather 5erv1ce 5tat1ans‘ There

géré about 2,000 sych stations throughout the* wnr1d recording this 1nfarmat13n.

G]Dba1 radiation, the .total of direct and d1ffuse rad1at1nn, is usuaiTy measured
on a hor1zcnta? Surface with a py;anameteri Abﬂut 700 wcr1dw1de Stat1Dﬂ§ recurd
§Taba1 rédiationf of thése some 70 are United States Weather Serv1:e Statjuns.-

1n thls ccuntry ﬂ1rect sa]ar rad1at1on 15 murg d1ff1cu1t to measure & suna'_i"?z

track1ng pyra mgt'r, Dr pyrhe11nmeter, is requ1rgﬁ.

’me Sure Df&the Scatte d‘rEd1at1an FE§e1ved FrDm the skjﬁis'measureq w1ﬁh

shaded pyrgnameter, aga1n, data 15 usua11y tha1ned for'a_hgrﬁzunta1 suwface
F1na11y, 5e1ect1ve measurements Df diffuse. and/ar direct radiat1an fgr def1ned :

wavelength 1nterva1s are made using se1ect1ve f11ters in conjunction w1th the

Eqﬁfpment previously mentioned. é;}
. ‘.. . R

Each of these instruments will be bri§f1éédgscribed:

£ P
[

The pyrangmeter or: 5ﬂ1ar1meter is usua]]y mounted

'ranameter*

”&Hér1zantally and measures the gT?baT Qr tota? radiation.. There are

- @several types, a]thnugh the thermép11e type 1is prubab]y the most ..'
COmmorn . A thermnp1le is a group Qf thermocouples ccnnected in 5er1esiaﬁd

| maunted on a blackened receiving d1sc A thermocnup1e is a Junct1an .

between two dissimilar metals such as copper and the a11ny canstanstan




ERE

eTectr%créurrent is produced,:l;fl” o
A second ref ént i,junctmn is attached to a white or 511vered ring

af équal area-thaﬁ‘rema1ns at ambient’ temperature since most of the ;!

&

radiation Fa ng-an 1t is ref]ected The current thus generated can
" be- ca11brated _h_terms of the radiant energy recE1ved The thermop11e

: s@]ar spectraT range of .29u to 3.0y, which conta1ns

=0, »

gn‘the @rder af sevarai seconds The thermop11e sensor 15 usua]]y

patent1ometer'« Major commercial supp11ers are.Epp]ey, Kah1, and;»' ‘1!3?;
Spectroiab 1n the Un1ted States, Kipp and Zonen in Ho1Tand L "; '3 y
Gro1ss in Austra11a, Mashpriber1ngtorg in the u.S.s. R and;EKO in gﬁq”; e 1

| f§§pan; S A ; qu s K :fr‘ii S S

. = e B . g

S111con solar. cel] pyranometers have a respanse t1me of 1ess than a

m1}1isecand (See the, SE€t1Dﬂ on solar ceT1s for an’ exp]anat1on ef how

. ’.b..'

cheVer, they have a; 11m1ted spectra] resgpnée range,
' [

;‘ w1th maX1mum 1ntens1ty recarded at Qp ahd an upper limit of 1.1n. Solar-
C4
radiat10n Extends further, to’ ahcut Ep,a1though 1t5 max1mum 1nten51ty
i

I Ts-at':Su YeTTaw Springs Instrument Company . and Matrix, Inc: Suppiy )
these types Df pyranometers They also offer-the best Po%f1b111ﬁéifor~.V?‘--.

the ﬂgﬁjt-yourse]f bu11der, they are reTat1ve1y cheap, of s1mp1e a

[
!

construct1an,' ", w1th praper ca]1brat1on with a, commerc1a1 un1t g1ve:5

5at1sfattory resu]ts Dther types 1hc1ude b1meta111c str1p pyranométers
Such as those 5upp11ed by Casella Cgmpany in the United Kingdom and

‘R.. Feuss 1n West Germany— " These work thrcugh unequa1 therma1 expan51on ‘*;l_‘”
Dn two sides Df a b1meta1 5tr1p wh1ch in turn contro]s the pgs1t1on of.

a record1ng pen Qn a m0V1ﬂg chart In the Un1ted States, the o1der mode]
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pef the Eppley pyrandmeter (Eﬂ-junetidn) and the newer Mddel 2 (preeisieg o
ESf ctre] pyrendmeter) cemprise the dverwhe1ming majdrity df pyranometers
in uee taday-; Aeeuraby df the newer prec1eidnﬂmodele is within 1 dr

fszereent Td §E1ediiVe1y measure the energy cdntributed by Sﬁécific _‘n,;

“Nﬂrﬂﬁ1 Incidence Eyrheliometer..

selan%radietien. This requires:thet on1y ederdy frem the sun s dlse be
felewed td Feech.the aensnr."Thie “ts eeeoﬂbliehed by mdunting the |
,§en5dr, , thermdpi}e for examp]e on the bottom of e b]ackened tube
prdvided W1th light stdps -The rat1d of the cy11ﬁds1ea1 tube length 7
td tube diameter shuuld be. ebout 10 to 1. Th1s 11m1ts the view df the sky
and 5hn to ebout 5 and e11m1nates most of the d1ffu§2§?ad1at1d; The
_instrument 15 then mnunted on e mdtdr dr1ven he11dstat (a_ dev1ce thet g

. 2] i \, ‘, =
_felidws the sun). The axis of the he11ostat 15 reed;usted severa1 times

a. week es the dee]1nat1en df the sun chenges Types and makes-df A
.pyrhe11dmeters 1ne1ude Angstrdm eTeetr1ee1 ccmpenset1on, Abbdt silver-
d1se, Michelson b1mete111e, LineﬁFeussner 1rdn-c1ad New ' Eppley |

@ :
(tempeFature edmpensated) Yan1shevsky thermoe]ectr1e, Mdl] Gcezynsk1

A ndn temperature cempenseted

EE

Eppley._ G]ass f1lters may also be p]eeed over the}_yrhe]téheter sensor.

‘solarimeter by Kipp- and Zonen, and the

-to select1vely measure the energy'edn€r1buted by Spee1f1e wavelength
'bands. T ' o ’ L

@ ol R S .;:'_i

Shaded pyrandmeter The‘measd%ement of diFfuge'radidiioﬁ can be:performed ‘

g

"cégieys Shading'

iﬂf the pyfandmeter }g eeedmp11shed by a disc made to me&e w1th the sun:.so

by a pyrdnometer wh1eh is shaded from the sun's di

L~
¥
X9
gor




as to a]ways cast. 1ts sﬁéé%wedﬁ the pyrahometéf, efﬁby.ﬁeénsiaf‘a Y

e shadﬁW‘Fing Because QF the troub]e 1n keep1ng the shad1ng disc in -
» prnpér adgustment and tﬁﬁtexpense of an equaturia] mount, the ‘shadow r1qg

is the more pnpular of the two dev1ces. But the pr1ce paid fnr u51ng

L}

the shadaw F1ng is the ne;éss1ty Df 1ntroduc1ng a cnrrect1en fcr the pan¢

‘fég of the d1ffuse rad1at1en wh1:h is cut off $ram thb sensar by‘the ring.

A ==
- '1-, -

As the dec]1nat1en of. the sun changes w1th t1me, the ring, must be aved

a1ang an ax1s Qr1ented para11el to the?Earth 5 ax1s gp as tc aiways

e _ty_)}ﬁ L - g oA
" shade the Pyranameter f?om the d1rect rad1at1on. e A, a
_ - S g3
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whieh wil]é s; eeied 1n greater detei] in subsequent eect1ens. The d1reet use of ;
#ﬂ ) t:
seTer energy is net neﬂ‘ Fer thousands of years, anc1ent peep]es re11ed’en the

eun s ene;gy gﬂ evaporate simall pools of breek1eh water se that they;mlght collect
3§he“sgﬁt In.1§72 a 1erge se]er still was bu11t “in the Chi]een deeert to supp]y

EEDDd?galiene 3; pdie water per 5ey frem ea1t water. Se1er cookers" were bu11t and _

‘ﬂ L

used nn Ind1a 1n the IEBD s, *M;ehee1 Feradey d1seevered the prine1p1e of se1ar
tn;

eee11ng*1n 1824 Sma]] steam eng1nee were pewered by ee]er energy as ear1y as

1823, a+50 hp engme éee ueed 1n 1913 te pump 1rrTgation water in Egyp{s 5e1er het
-ﬁeter heaters were pepuler =in uur southern states in the 1936' Hewever, the '
;direet use of eu1er eneﬁg& never rea11y caught on for there were e1haye.£heeper,

a]ternete energy?eeurees eve1Jab1e, wedd water power, or fossil Fue1s It wasn t
rea11y thet“theee seurcee were eheaper than ‘the sun s energy wh?eh after 311, is
free. Rether, the costs ef bu11d1ng dev1eee to ut111ze the;eun s energy nere greeter

then;the eeet needed te uti11ze the other sources thet were eveiJ3b1eiz

=
H\‘

Teday the p1cture i% beginning to ehenge Other.eeerees ef'eﬁergy are

dw1nd11ng;end theie ceetexere r151ng at a rate of 10 percent or more a year. Once
again, we need to take a e]eeer ‘look at the 1nexheuet1b]e energy of the sun end

determine how it can. be put to practical use to supply an ever=1nereee1ng

percentege of our energy needs.
2 ‘i

*

s '§; | There are several energy eenvers1en prueeeeee by which we can u§§ the .
& i ' .
radient energy previded by the sun.. Firet the energy can be abeerbed by collectors .
-and’ tonverted direet]y into heat -energy. A seennd methed 1ng91ve; direct”
. . ! = o ¥ ’ ) &i =B :
ko . ’ . ¥ ) B
‘- - . g = X
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L2 ‘2 * ESSE § ':»:; .
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? “, o7 %

e R e oL B o




R L | - d !"54-‘7  L

ci’qn\)e'r:'s'i'dn Gf;ré(:;lia‘nt energj:iﬁfé: eiecfrici ty thf—_nugh ‘a P?‘DEESS: knéym as ‘the
:f'phétﬂvi@‘itaii: ef‘:feétr? This invoiveé the .use.of‘ sé"lar ceﬂésc familiay to the

space prngram as energy Sources on. space ‘vehicles. A third pracess;is photo-

.'Achermca‘l and 1nvc1ves p'lant phgtasynthesm, Here nature has been far more

her | BiSlJﬂLEDEEQ)’
thtoe1egtr1c effect, whereby e]ectrans are EJECtEd from the surface ‘of meta]s b_y'-
A radiant énergy, the thermmmc effect which forms the basis of the ﬁperatmﬁ of -

: »vacuum e‘lectran tubes, and the thermnehctru: effect or Seebeck Eff‘ect used now

main’ly for temperature measurement_ (the therjmgcgume)- Large sca]e apphcatwn

] 6=F these last three pmcesses for -s«ﬁar energy cnnversian’ééés not seem practical

at th15 t1me, a’lthnugh eff1c1enc1es are bemg 1mprnved

Y

i) : USES OF SC)I.AR ENERGY

1

- _ — . —_— L‘f’ I —_— R
PHDTDVDLTAIC SOLAR CELLmRELECTRICITY - o 3
§ I o NEW FUELS:METHANE OUS
FOOD . .
o (foob. ' . ETHYLALCOHOL
PHOTOCHEMICAL. | s A O memn ALCOHOL.
R . RGY FREM M
o | ENERGY Bl0) ‘fSS“iaugEcr BURNING
oo | AQUACULTURE, FISH, ALGAE ~
PHOTOCHEMICAL o A - .
AND HEAT 7 o -5 . .
: CROP PRODUCTION
’Zu,III-! ,,,, ELLELLE L) 7,>;i,7,:i’ EseSsANEEEEESESESssASsNSNENEFEEE iji”
CROP DRYING
HIGH TEMP. FOCUSING COLLECTOR s STEAM T‘URBINE?‘
ELECTRICITY offmm GENERATOR
HEAAT' LOW TEMP. SOLAR COLLECTOR wli- ACTIVE SPACE HEATING
COOLING
> ‘ HOT WATER
PASSIVE SPACE HEATING -
DESALINATION; WATER PURIFICATION
=N TN THERMOIONIC ECECTRICITY
THER MQELECTR(Z THERM@(ZOLJFLE*ELECTRIEIW
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'Se]er-Heet EnetgL S

Let us fifst eensider he1ietherma] eenver51pn er the eenvers1en of the.
: sun's energy direet1y 1nte heat. Th1s ‘can be eeemp]ished by se]ar eo11ecters in

Atye-genere]_weys. F]et p]ate eelleetprs may trep energy that falls upon a surfeee

iie Sun - A Solar Ci11ecter in Spaee -W;,,;,w

b ‘fi{‘*"';’;‘*?if*' R T LN
Here temperature rfse is low te‘mederete A, seepnd‘type of eei]eetor is the

rvEeehrpf;these wi11 berdiseussedgin detail in 1eten_seetiens_

'Heet energy pfevided by the sun is being used in a numbef pf preetiee1;
ways. It can be used to prpv1de spaee heet1ng threugh e1ther active or pess1ve solar

heet transport system, an energy stprage medium end System, and the necessary

i

&;cpntrpls to ma1nte1n eff1e1ency Ina pess1ve system, the bu11d1ng 1tse1f 1s :
erehiteetuelTy des1gned tp serve es the- epllector end storage system w1th maximum o
~use be1ng mede pf building end s1te pr1entet1en, 1endseep1ng, and pther pass1ve

‘meenS»te m1n1mize dependence;pn-seepndery energy soprees-

¥

In menyvperts of the cpuntry aux111ery heet w111 be needed ﬁhiTe it
AMIth be ppss1b1e te design a se1er system to supply 100 pereent of the heeting
ineeds, cost effeet1veness studies have shown that eepnpm1ee11y this may net be -
feesible:'fln‘the Nprtheest;iso1er energy can economically suppiyz?guphiy 60
percent of the~heeting needs of new:hpmess'iInfsueh'eeses, solar essisted}heet pumps
‘might be the enswer~ Sineeztheie eyeﬂe isrneversibie, they'een be used not only .
fer heetlng in w1nter but for. eop11ng in summer as we]] ‘Eesieelly e- |

heet pump is 51m11er to a reFr1geretlpn un1t in that it pumps energy Frem one
‘AS!! R




2"{ ;ggf

p1a::e; ta'anat'her:. B‘u‘t"insteéd of rEmév;'ng enérgy from inside the refr‘igef-atar and .

FI_ the house into the ]gv1ng space 1tse]f

Sg1ar heat can a1so be used d1rect1y to- coa1 Ft bu11d1ng thrnugh a :ro:ess

anWn as absorpt1zigdesorpt1on cca11ng Over'thé years a number of gas. burnl g

refrigerators have, been an;the_@gtkgt that make:use of th1s sytem of cou11ng.

ASimiTar sjstems usiﬁg soiar-en%fgy as-the heat saurce'héve been‘designed - The

‘major prob]em w1th these systems 15 their requ1rement for watér temperatures fr

':the solar collector of_at 1east' °

5 F Mast flat plate co]lectars Dperate at a

ioweﬁjtemperaturg thgngthis. Neﬁé%theless the use of solar héat. fer coo]1ng seemS\v

N = N = s _ o _ - \ )
to offer economic advantages‘QVEr’caﬁvent1ana1 methadsr Dne reason 15 that solar

energy ava11ab1]1ty is at a max1mum in those p]aces and -at those t1me5 when cgo1ing.\

_is most needed that is, clurmg day11ght hours 1n swer in the western and SQUtth%'"

sections of!our nation. - ey R §
_ | _ ) \

R L . : o - ) " A

In addition to heating and cooling our homes, solar energy can be used to

g provide us with hot water. Many commercial units are now on the market. In the
north, supp]ementary heat w111 be required during the W1nter monthsi Throughout
much of thé country, however, solar hot water heat1ng is a]ready compet1t1ve W1th

electric hot:water heating.. :

\: Dther uses of heat produced by soiar energy 1nc1ude crop praduct1an in

El

Qesa11nat1nn and purification of water, and agr1cu1tura1 or '

industrial drying. Focusing collgctgrs have been employed to,atta1n very high

-;greenhouses, the

temperatures in the so-called solar furnaces being used for experimental work -
i . . . F . . . N

~ involving -certain chemical and metullurgical operations. R
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E]ectrical generat1nn has been aceemp11shed in several Nays., Q'e‘
inva1ves the use of %%cus1ng ca11ect9rs to. prcduze steam fram water. The steam is’

then used to operate a turb1ne which in turn dr1ves an e1ectr1ca] generatnr. fA

secnnd method, wh1ch has fnund w1despread use on spate veh1¢1es, 1nve1ves ‘the

. s

B

phctovo]ta1c pracess making use of sa1ar ze11s. Bath of these methads w111 be. - ‘

described in- deta11 in a: fo116w1ng section.

A ‘%?j A

A_Phétpsgpphe§j§jgf

o

NQ man-made phatozhem1ca1 process has yet been Faund to r1va1 nature

&
phat@synth331s wbere tarbon d1Qi1de and water are cambihed in the presenceApf
¢ » It is the -~

cﬂnvefsicn o

_source of nearly all of fur energy, the sun. This can be illustrated in the flow.

chart below.

PHOTO
SYNTHESIS . : R
PLANT LIFE . e

OERL-Tnd
SHINOW

R " phkasso : E
L = . . PLAHMT
DECAY

MILLIONS OF YEARS
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A FuiToxt provided by eric [EESHERREREN

. from burning the wéod-prcduced,bg o
“severa mqﬁths or yearsa But 1850 more or

fue ‘tniﬂg‘féchnoiﬂgy; thus!raiéing théib'

%

_;11Qh§

3.

: . . . o ". C A
-1:As the depletion of fossil fuels takes .

,nvers%anhprﬂee%5&5=w%th*min§maﬁ»i=f s
oling, electric production by way of ..
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SPACE HEATING PASSIVE SDLAR SYSTEM |\

a

o

.vi!

In a. passive suiar heating system no externa1 sns?gy is ussd to transfer

are nne and, ;’W;:s;;

This definichn af passive hsating dnes npt rea11y convey a true appreciatian nf

ths many - faeets of passive sniar hsating. Actual1y, mnst hames use passive sular

- hsating tﬁ‘snme degree,whether or not it is 1ntsnt1ana] Snuth facing windows in

E"uintsr adm1t sunlight which is absorbed as heat energy by the’ objeats within ths

: vvrgom. ~Roofs tn sﬁme extent act as’ su1ar callestﬂrs (att1cs are aftsn warm even

s
1Y

'iin wintsr when the sun is sh1n1ng) Raaf overhang a]sn permits t“’

isw s]ant1ng

) gﬂ;sgnfg E:winter sun to enter the windows. wh11e keep1ng out the fay& of ‘the .

higher summer “sun. Deciduous trees p1anted near the house on its snuth and west.

4in HlﬂtEP and peﬁ%it extra energy. to fall upun the house at

!sides Tose ‘their, 1ea1"

.just the time ‘itﬁs most'néeaed A cumfernus w1ndbreak 'lm:ated some d'lstance to- the
north or west of the hnuse cuts duwn the ve1oc1ty of the w1nier wind and therehy
reduces heat ‘Tosses: frcm w1th1n the hause.i These are the kinds of th1ngs to be -

included in ths ;Dnsept of a psssivs]y heated sg1ar house . -

!ng must gg into all phases GF the Tocation and design gf

a passivs]y heated hume. Sﬂts 1Qcat1an is important. A south- fac1ng s1npe 1s

usually warmer than a nearby valley of the crest of a hﬁl] Vert1cal-windnws on ;}{f'”

Ege south side of the home admit w1nter sunsh1ne, thesesare espec1a]]y effectiye

if. the sunlight falls upon a massive dark colored 1nter1or wall that can act as a

Zalar cnl]estar..iA cuncrete or stnne pa;in on the suuth s1de uf the hnuse can'

Y

simi]ariy act as a heat absarber nf suh11ghts ‘In -summer thTS can be shaded by

[

" deciduous trees tu he1p keep the ﬁuuse cool, S1n:e there have bsen many guad bnoks
i

' _ WFitten on this Subjsct, aT1 we shaTT do 1s ment1cn br1ef1y same af ths spec1fic

desagnsrthst have been proposed fpr_pass1ve heating.

Ty

: I
Fe R - o . LT J ®

g
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Amnng .the’ mnst, noteworthy 'is th’ 'ﬁaﬂ% designed b_y and named .‘

after the famus Frem:h pwneér 1n sblkf ,,,éting.- Its basw des1gn 'ls shcwn be]nw.

»

ap' d y the 91”55 ThE_air in d

‘this passive Sy‘stemg In spmmer,
as well as the rear winduw;l The heat1ng af the wall sets up convection currents
that move the warm a1r up.afd out D'F the frnnt of ﬂhe building while cgaler air

flows in and, keeps the 11V1ng quarters cool.

=

Q

ERIC
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-'Age1n, south fec1ng w1ndowe admit w1nter euneh1ne for its. heet1ng

Q

ERIC

Aruitoxt provided by Eic:

Ste?age eyetem of therma] energy In w1nter,vthe 511 1ng 1nsu1ated pane]s'ere epenedﬁ*

du?1ng sunny daye eﬁd c1esed et n1ght while energy is rad1eted 1nto the reﬂm from
the ee111ng dur1ng n1ght and day, the e]oeed pane]e prevent radiation losses to the

sky et;night_ In summer, the . roofpanele “are opened at n1ght to perm1t cooling of

the weter by radiation. They ere ‘¢losed dur1ng the dey end eeo1 water: ebeﬁrbe energy
frnm the nnuse. Other dee1gne somewhat. s1m11er to the’ Sky Therm des1gn3 but 1ees |

'cemp1ex, 1nvo1ve eha]]ow soler po 15 1oceted on ‘the roof.“f‘-f' ?; - iy oy
e o

A th1rd peee1ve eystem makes use of- the feet that the éemperatufe of the

’L

eerth doe s not f]uctuete rep1d1y 11ke the air temperature nor doee it reech euch

extreme tempereturee 1n mest areas. Here much of the-houee is covered by eerth

. me-vno-rf-s . - N :



wa11s uf the hause are made of}

~in cantact w1th the sé 1 thgs

' shawn beTaw, is nat un}1ke the

x?'_ In thexp3551ve Systems descr1bed abgve, aux111ary heat is 11ke1y to be

El{l(f . ,>  o e - T

r . - . - 2
Full Tt Provided by ERIC.



! SFKCE HWATING ‘;?‘" ACTIVE SDLAR SYSTtM
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-i

R e _ The Sn1ar Cu11ectnr ;
, I i . . ;:*-' @

-In sect1nn 3 “Earth AsSa1ar Ea]]ectur in. Space the‘eartﬁ—§§masphére -

energystranspnrt

of each*compcnent ﬁs descr1bedi

genera] funct1on In thTS sect1an we 5ha11 1aak

¢ R,

5 . i

The Soiar Ca1lectnr - F]at Rﬂate u!’ - e - g ;" : . : _-_»irf'ﬁi%

Many différent de51gns have been deve]oped for flat pfhte €D1]ECtDF5.E

E asi éaﬂ_yi the flat p]ate cc11ectgr is a d3v1ce wh1ch absarbs the energy Fa111ng
upon #t and transfers thTS eneﬁgy to the transpgrt med1um. NB attempt is made to

EDHEEHtFatE the sun's energy on a 5ma11er area as a resu]t the max1mum aperat1ng

5

tempewature of the F]uid in a f]at p]ate ca]iectgr is usually Tess than 65°C (150 F)
%ﬁe egllector c0n51sts af an enc]osure, 1n5u1at1nn glazing, and a f1at p;ate and/nr

i

x E]

tub1ng tc carry the heat transfer med1um.

" Schematic Diagram;gf'Crcss Seétiﬁ F1atﬁP1ate Ca]]ectnr R S

Aruitoxt provided by Eic:



fééé' Taaz;;‘
MATERiALs USED IN FLAT PLAIE CDLLECTOR CONSTRUCTION . ‘

MATERIALS USED. ;- L jy.i‘- L CDMMENTS

__Jganﬁa%ﬁér:i,-%; j :‘Meta1 (A]uminum, ga]vanizad atée]) ' L1§htwe1ght durab1a

Fiberglass, . . | -Many plastics. detar1arafe/
Plastic .- C e . idly- on exposure to: . | -
il o aviolet | rad1§tian. ,”@'t

: fiﬂﬁéé:- T T AT T T May” deter1arata becausa

e R .of ‘high.stagnation-" ' - N
A R st e s temperature (3509F)¢ and . ,
21;1 IR o e L moisture. candensatian -

tu“,‘(There is no_stands yrdized size for single urits: a4 x 8 ft.
o unitis difficult €or two" persons to handle: ' 4'x 4 ft. units
* . ;are’often used: 2 x'3 ft. units.may be- used ‘to taka advantage
'~g of 1aca1 ,va11ab111ty of thia size sheet mata1 9 IR

=

Fﬁéar g]ags @gﬂasa waai) Y Has'réiativefjaﬁ{gﬁ.in%-'
S sulating wdlue, stable.
Pﬂiyurathana faam St T :__Expana1ve dafanns ovar

. : W - | 160°F.
StyruFoam . 7-_' ot o0 ] Flammable,

K

ta four 1nahaa aF fibarg1aaa 1nsu1at1an shbu]d be used ) j;,;

e 3

G]ass (many typaa avallable).' CoL Probab]y best ‘but. castiyah
o - and ‘breakable. ‘
‘an 1ran g]asa (1oaka bfﬁa R JSS transmittance, common. A
ooon adga) e
Nater a’crysta] (As@) -~ = .92 transm1ttanca? toatly

—i ¥,

(E]ass thﬁcknessasnshou]d be:1/8" or 3/16"% doubte gTaz1ng
with ene inch air space. neeﬂad in Ca1dar‘rag1ans or if .
tamparaturea over 1600F are desired.)

( F1berg1aaa ("F1lan", "Kalwall™) Good,” but séme’ loss of- _
N N S o transm1ttan;e with ultra- | .

A T L R S S -violet aging (special
kS ST ' 4 T . , A * ultraviolet resistant ,

N E - : S o S - types- ava11ab1e ‘at h1gherr
{ : v > R L. | “cost.) :
i - Polycarbonates ("Lexan") - ‘| Good, but‘vany axpenaive

- Lwr i e "MyTar”, "Tedlar" sheeting Rerad1ate infraredgmylar

: UPENEIETIEN SRR B R e S undergoes ultraviolet’

- B B " =« | degradation.

Voo .0 .| -Polyethylene Film ., - .- ... & .| Poor, short life (1/2 yr ) (
R Ceo L e e L transmits up to 0% | s
T o T e T e infrared (this repre-
‘ sents a heat 1DSS )
. L . 7 . : _ %7'
Flat Plate: ‘Copper - .PrababTy best. - &
T Aluminum ¢ _ S - Corrosion pnnb1ema if an—
o . RTINS g B SR tact*W1th other meta1s
' T "~ Steel, galval ) 00
| R
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i —_E - — — - — ks — = — =
. COMPONENT MATERIALS USED X COMMENigwr
' Tubing: - ~ Copper | Best. i
Aluminum ' Possible corrosion
T, problems. _ :
“ : Plastic Poor heat transfer,
: o jaw tempg use.
Paint: 3M "Nextel" or .. .98 abscrpt1v1ty w1tn 93,
2 ¥ "Black Ve1vet" ' emissivity, expensive.

Flat Black

|™'Should stand 4000F

Seiective Coating: + Black Chrome

& -
Nickel Black

Best, durable, .90.
absarpt1v1ty and .15 to
.35 em1531v1ty, but very
expensive.

. BlEck g‘gier Oxide

ncrease eff1§1ency dramat1ca11y when
there is a large teméérature difference between the
collector plate and outside air. For low temperature
collectors the extra cost 15 probably nét warranted: S

(Se1ect1ve caat1ngs

If the heat transfer med1um is air 1n5tead of ]1qu1d then no tub1ng is
required and just the flat or corrugated shéet, with or without baffles, is-

| used.

Some piate/tubiﬁg designs:

4
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A -, " o .
2 ‘1?} 5 Lt
: ¥ -66- ' L] .
. - . ‘f\
¢
kg = w
4 ¥ - R -
. ng thick copper tubmg, the chstam:e batwean tubes should
, bé E" - 14", thin copper tubing, -3%- 4" apart. Equwa]ant sized- . ;.
« - aluminum tubes should be spaced closer; plastic tul:nng must be
s4  very clos¥. Narmaﬂ_y 1/2" or 3/4" copper tubmg is used with '
: _ 1 - 1 174" headars . v 2 T
Bl R o
\
= a’i
‘Parallel o . Semfes . . & L ‘.
#i J ._ . & Ed : e T 4 .
e Each type of connection haa its advantages a.nd d1aadvanta§as, the ) -
.-choice is not t:r1t1<:a1 ) L
e + ' ‘*3 ‘ ‘ o
# - g el
The Scﬂar‘ Caﬂe::.tor - Evacuatad Tube Cancamﬁratm‘ - 3
, — .
' There is one other type of collector that falls spmewhere -between ‘the
[ ‘;sf e i
"Facusmg r‘eﬂactar‘a d1acuaaad in thag;prewaua section and the flat’ p!\ata gollectors
’5 \
) dascﬁbad above. It is the avacuated tuba concentrator manufaaturad by aevara]
aompamaa.' “TEs Jurpose s to provide heat a@argy for apacea ‘heating @r%?_damaat1c ,hat
L f .o
water at'a higher fgmperature than the flat plate collector
N t i"-:!r u?" ’ .
Owens Corning Concentrator - — ’ !
' £ S i
outer g‘laas tubing — . parabolic congentrator ‘ T
‘evacuated space . SR
- ' =z inner glass tube - specially :
' coated to admit incoming radiation
_but prevent raradiaticm of mfr‘a—
red . _
i




. . ) | % N . yv o ﬂr} ‘.. S “
' _ A- d1fferentﬁtancentrator designi1s shuwn be1uw, it has an even higher
% % :
*effic 1ency, up to 70% and aperates at a h1gher- ‘temperature. i &
" - o s '.. . x . S0 - . B o ‘
a & : & v A o o

Staﬂ Jn:ket
Fimghss Insulatiﬁn
aﬁ e T

Copper Collector Tubé ~
¥, ' .

%

Py

i e ® ’ [ ' - 5
o ' r ’ i ; &

# a'r __ 7 , .
% ‘ This (®it is furnished wit® tracking equipment tg“follow the-sun. 'The
p \1; = £

< Fresnel Lens fccu5§§ the sun's ray Q.g“a small diameter tube in the bottom of the

L] : i

5 ey
f, 1nsu1;:1ted c’a]]ector. N & . &

A . S 3 ’

'p'

The sa?fage agea refuired of “the solar collector varies Withgg%raph c -
#

. ‘l‘; Liv' LY
1acat;i$tjn. A gery rough ryle of thumb is a one to three ratio Df collectdr area

= 3 . ﬂa

to hvmg spac:ei Isa the ccﬂ;jer reg1~nns of the cou,ntr-y it 15 stﬂ'l ncrt eﬁanom}c 1

4

A

tD re]y on soiém heatifor' m@re 'than 50 percent of the tota1 space heating *

ég L;L‘-.z

regﬁqwed Domestﬁ*}c hot watgt:ﬁheatmg by so'iar _anevrgy is competitive at present
| ' .l\‘ v 7 . !

w1th e1ectr1¢: hot watgr systems in mg,n:h of the country Solar co]’iectors now 4

cost mugh1y $1D/ft2, ena%n"e sggtems $20§to $4D/‘Ft? jCosts, howevgr are
Lk\ ]

subject tD rapuje change Systems mtegratmg, solar ﬁm‘kmg w1th so’laﬁﬁeat‘mg

&‘!’

” requ%re the ca?‘lcentrator type cc'l’lectar becayse +of the need Fq;; watg ; N
temperatures of 939C (2000F) or‘'more. S ;e " " )
. . . @ 'é ﬁ %',}" ' ’é;‘:} Fa
Qo - : R
- ) ’ ) * = ) N 7‘; "?



SECTION XIII

H E A T I N E; -

ACTIVE SDLAR SYSTEM

~ The TrenSpert and Sterege System

. v

j ieenepert Medium

V’.

&

The heet genereted in the Selea collector must be transferred to where it

will be ut111eedg

This requ1res the use of a fluid and is accomplished by natural

or forced eenveetieni

Both fluid systems

The two fluids used are air or water.

have the1r pros and eens the air system is more easily built and installed by .

‘the homeowner while the 11qu1d system is “the one ueueT]y manufactured. » The water
y

eyetems interfeee more e3511y with domestic hot water systems and use cheaper, more

cempeet heat” eterege (weter tanks). The liquid systems are gehere11y more efficient;

e H:

however, the operet1ng temperature of the heat transfer medium must be h1gher 72
- to 82 C- (160 F to 180 F) if it is™to be ueed directly in radiators or convectors,
K wh1le air temperatures of 27 te 38 C (BD F te 1007 F) ere adequate for forced air

~systems. It is easier te F1nd leaks in 11qu1d systems but at the same time, they

are far mere demeging. Liquid systems require s1mp1er4eentre1 dev1ees but are more
likely to be plagued with corrosion problems requiring expensive repair.

In colder sections eF the eeunteyi where freezing temperatures are encountered,
the eietem must be protected ege1net Freez1ng Syeteme can be designed for repid

draindown frem the collectors when tempereturee reeeh a eerte1n1i1n1mum 1eve1 or

when the system is not in use.

usé ef an ent1 freeze mixture Most anti-freezes have a base of

e

added to the weteri

ethylene or. prepy1ene g]yce]

with various

additives to prevent corrosion.

entﬁ freezes are tox1g and must not be e11QWed to contam1nete drinking -water.

Many

The

*”%emeune@ef ent1*ieeeee needed in very cold climates adds considerable expense to a
1drge system; in this case it is often -ddvantageous to couple the fiuid in the solar
the*storage system by means

collattor to fluid in of"a heat ekehenge unit. The
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;'naad far'caat1y aﬂiiafkeaze;ia then great]y reduced

’ --—:ﬂ.fiEQ&S’E’-’!’NT’ER@R i

EXPANSION TANK—

SOLAR COLLECTOR-M—=

.+ CLOSED LéDE— =

Haat,Stora e

S?nca tha sun does not stha on the co11ector 24 hours a day, 365 days a

year, provision for’ heat storage must be made. lHeat can be stored aa_aansab]a

- heat, in which case the temperature of a large mass of materiaI is raised or it can’

be stored as hidden or latent heat. Latent heat is stored by causing a material

~ to undergo a phase change: (Far axazg}a, from liquid water to staam), or to undarga

'_certa1n ravara1b1e reactions 1n7b1v1ng hydrat1on (the adding of uater mo1acu1a5 ta

crystals). The’ advantage of latent heat storage is that the- amount of energy

stored per.. un1t mass of the aubatance is relatively high; therefara, atoraga vo]uma

‘is greatly raduceq, There ara at111 many problems that have not been solved for

latent heat stBrage. Most systems now use sensibie heat storage.

w

In a water system sensible heat storage usually consists of a Targe

insulated tank. The water is treated chemically to adjust its pH to a range of

8.0 to 8.5 to prevent corrosion .of metal parts inithe system. Natar_has a high
apécific heat compared to most ‘Substances angftaergfggahmaﬁaala good 'agaib1a i

- 8 %

‘N

-
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‘heat storage, medium. The water may be used both as the heat transfer fluid and

<the heat storage medYum. ‘The size of the storage tank:depends on 16@31 condi tions ‘

“*_gnd the amount of auxiliary heat available. The tank should be large eﬁﬁbgh to
h pféviée heat during the night; whether it should be capable.of supplying heat for
two,;thrée;‘Dr-five“cansacutive cipudytdéys is an individual matter. A generé1 )
rule of fhumb fsithatrthe tank sthTd supply 15 BTU/OF of storaée for every one “

squére foot of collector; this is approximately two gallons of water/square foot

of collector. -

B : .
In an air system, Storage is accamp?ishéé\by means of rock or peEbjes.

Eackdhaslalspecﬁfig heat appgaximate]y\1/Swthat‘cf water with a density (weight/
volume) threé‘times water, .Since rockss are saiﬁa,,heat transfer must occur by :

conduction ratherrihénhby conyection, but since the ;énduclivity of roéks is not
veﬁ& high’they;must bé thher 5ma1% in size to give a good surfagg area to volume

&

rat1o USua11y rocks one ‘to two inches in. d1ameier are uses . Since the Space.:
: between the rocks does not contrietfe to heat storage, the tota1 vo]ume of the rock

b1n must be s11ght1y over two times that of an equivalent water tank. For example,

3

‘a 1,000 cubic foot: tank of water (6,DOD gﬁ?ﬂons approximately) would be equivalent

%

in storage tD a rDck p1le of about 2,250 cubic feet (a pile rough1y 20 feet by

18 feet by 6 feet) ;?n:*' : ) : ; | f
; . . - . = kvﬁ'
.

Rocks are not’ ne¢essar11y*cheap and .may not be availab]e in many areas.

They must be clean or theﬁa}r filters will keep clogging up. Usua]]y,they are

non- LOFTOS1VE, and unce 1n p1ﬁCE need not be rep]aced or serviced in any way.

A

- The rocks are often SUﬁpD?ted‘by aﬁstraﬁg meta] gr111 at the bottum of a vert1ca]

cylinder. A1r frDm the co]]ectur enters the t@p and is forced to the bottom of the

=

p11e wﬁére it is returned to the La1lectof bypasses are: prov1ded to pass the

L vt .
oo " = ag B i
Rty
- 1
: o 74 | )
4
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;range-neededj it is net recammendéd that 1atent heat staragﬁ be used at presgﬁt_-;,'

pipes, ducts, pumps and fans and assuciatéd cgntroT equ1p

.may be HELESSm_y, to 1nLe: face A §G1ar‘ cnrﬂector‘ q;smg waté,

-71-
hot éir tc the héating system aﬁreét1y if needed. Horizontal rock bed syétems may
also Eé used. A general rule é% thumb is thgi 60 pounds of rock, should be provided
for every square foot of collgctor area. "

A!feh Tatent heat stéﬂage systens have‘beeﬁ constructed As mentioned
prev1ausly the advantage is the much smaller storage volume rEqu1rea! For exahpie, '
-lf; (Na 50, ° TOH D) wnu?d requ1ré only

274
7
a ETDSet 51zed spaceg abaut 115 cub1i feetd to. prav1de~the Same heat stafage as

a system us1ng the salt hydrate G1aube“j k

‘
1,000 cub1C feet of water or 2 1250 cubic” feet or rcck Eute¢t1c sa1ts sa1t
hydrates, and paraffln have alT been tried. Paraff:n 15 -one of the Féw subsﬁanﬁes

that underga solid to 11qu1d phase change at 38 C (100 F) wh1§h is 1% Ehe tEmpéthQré

cLii ok
¥

The salt hydrates are subject»ta settling out, wh1§h 11m1t5 rehydrat1an, they work

7

at first but u1t1mate1y ﬁave to be replaced w1th new mater1als - ‘;-5 . s

« .

é L
i

’ 4.
system., If it is to be i?ed far space he¢t1ng then 125 temperature shoﬂld be in
the range of 40 to 45°¢ (1?3 to 1ﬁT’F)i If 1 is tD be used Far dzrect céﬂ11ng

then it must be somewhere argund 5 tm 15° E (41 to 59 F) Th15 lqw temperatire o

can -be obtained by oper ting the ED]TEctDrs at” n19ht when the;

i

colder. If the system\s to be used fqr absarpt1on §1rm§0nd1;
te hot, 110 tﬁ 120°c (230 t_é_, 24?9

t transfer . .
i) 3 "

medium with an ex15t1ng hot é1r system

i 5 iz

.
g - E
0 o
= f g
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"
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SECTION XIV

I SPACE HEAEINGf ACTIVE SOLAR SY‘STEM B
A =

. _
cempare cn]]ector eff1c1enc1e5= Test feej?itiee,suc

Exposure Teet Fee111ty 1n New . Mex1co have been set
eff1cieﬁcy following these‘preceduree.' Most majer
prev1de these 1ndependent test Peeu1te to proepect1_

raf theee eft1e1ency teete is the determ1nat1an of ee1T,,

EA
" B w a&y

tunet1on Df both the solar radiation 1ntene1ty and gn L
ot RARR
amblent Dute1de air temperature -and the cD]]ecttlﬁgﬁeG“
ﬁff‘ :

SEMSOR (Ta)

ﬂAMEIEHT AR TEMPERATURE

TiME m

H@TE TumFsmluia a)‘ ihe cﬁllaﬂ

i
_i «ix pften taken o4 Tit Ty

]ERi(}Jl;h:

Ya
Aruitoxt provided by exic |EEENS

- R N



= : - . = g i?BE
) o Data obtained includes: flow rate of F1uidﬁfF), inlet temperature of fluid
(Ti)? outlet temperature of fluid (Té);ambient air temperature (Ta),'so1ar

-pyranometer reading (H?) in BTU/f’t2 hr or Kj@ules/mz hr, time (t) in hrs.

4

Heat co1]eeted by fluid

renergy incident on collector - X 100

% Collector efficiency, n = o=

The heat céi1ected by the liquid is Stored asxSensﬁbie heat; we have already .
seen that this depends on mass, specific heat, and temperature éhénge.,:Therefqgg,

we use the following equation;

Heat.collected by 1iquid (Q) = weight of Tiquid (w) x specific heat of liquid
(Cn) x temperature change of liquid (aT). .

) 7 s .
= Q(BTUQK (paunds) * P (BTU/pounds °F) *“AT(FO),
The we1ght of the liquid pass1ng through the system depends on the rate of flow and

the‘time. e

Weight of liquid = Rate of flow x Time

N(p@unds) E‘F(pauﬂds/haur) X t(hour) '
OR
Ka®
Kg = ﬁ§=f: x - hour
our _

AT is the diffefence between the {emperature of the liquid at the inlet and outlet.

(T - T,) in °F or °C. :
a 1 i a by =

4

> of the collector, oT

The heat collected therefore is:
; * » q /
’ " Q=FxtxCpx (TD - Ti) BTU's or Kjoules
Now in Qrder to find the efficiency, Q must be divided by the incident So1ar
gmergy on the collector. The value of the incident energy, I, is found by the -

following equation:

dpn=tinl iy - T = 0




- Incident energy (I) = _Ccﬂectar area (Ac) x time x pyranameter'readiﬁg (Hr)

Yaruy = Ae(et?) X (pey X H"(BTU/ft hr)
. A' - o OR L *
_stm x hr x ﬁ%xhr . : _
- Therefore the % efficiency (n) = Fx t x Cp x (T 1) x 100,
' ' ’ Ac X t x Hr ,
, '~ In these tests, the efficiency i!sf*pmttégj agains a parameter defined 1in
-~ HUD spgcificétﬁons* (ASHRAE and NBS dif’fer lng‘htTy) as:
Inlet temperatur‘e minus ambient outside air teﬁmerature t
~Solar energy incident on cgﬂector .
T, % hr £t oo Zhrn
- . BTU B [§]
‘The, graph plotted, then, is collector efficiéncy vs. the parameter, (Ti - Tg)
PERCENT I '
COLLECTOR :
EF‘Flt:lENt:v
100 - __———SINGLE GLS\IED
- ~d COLLECTOR s ’
) 50 DEUBLE GLAZED
. =~ COLLECTOR
o0l
PARAMETER: [T; . To) °F-hr-ft2 4 - ;
—1. "B
., Itis not ds easy to picture the significance of this plot as it is some
of the other efficiency curves used. Instead of plotting % Efficiency vs. (T1 - T:) .
another method plots % Efficiency vs. Absorber Temperature; absarber témperattir_e
is usually tfaken as the average of the inlet and outlet temper‘atures 97+ jri .
-2
PERCENT
5 COLLECTOR
“h, . ) EFFICIEMCY _ E GLAZED . .
' . ooy L SNES edon : i
50 DOUBLE GLAZED
- C‘C‘LLEIZTDR
od e -
® . JnT nfg"‘i‘ﬁ o
. i AHSORBER TEMPERATURE-
N 78
1 i !
%
p




) One can readily see now that atphigp abeprper températur

v

Amarked 1ncreaee in eff1c1enpy with dpub1e plaz1ng However, if‘y_
_1n pperat1ng the cp1}eetpr at low absorber temperaturee, then E1ng1'_

actua11y prpv1de greeter efficiency than double giez1ng

the temperature ¢1fference, (T -.T. ), The curves 1mmed1ete1y above (% eff1C1ency

i

apprber temperature) had tp have been pbte1ned at some amb1ent e1r temperature.

Therefpre, th1e ehpu1d have been teken into cone1deret1pn since heet 1oesee and

L3

eff1p1ency depende on the amb1ent a1r temperature ThTS new way’ pt p1pﬁtlng e

#

eff1t1enpy takee th1e into account and mekes the curvee more ueeful You can

W'

" PERCENT - aw
COLLECTOR
EFFICIENCY . .

100

4

Te - Tal °F

" see the greetest eff1c1enc1ee occur when the d1fference between the collector
'tempereture and the ambient air tempereture is small. Remember the collector
temperature depends tp a 1erge extent on the rate of prw of the fluid thrpugh
“the cp11ectpr, a fast f1pw rate prpduces a lower co]]ectpr temperature end therefpre :
a smaller (T,_= Ta);:-Thie means the eff1c1ency will be higher. Ypu do ‘not want

chnd1t1one near etegnatipn to occur becauee not only do you run the r1ek of

damaging the e<ftem py pverheet1ng 1t but you also have greatly reduced eff1c1ency

You éppu1d exem1ne each of the parameters involved 1n the determ1nat1on pf
the’ eff1c1ency and learn how it affecte the overall pperet1pn of the system E
Ceretu1 adjuetment of eech (if ppee1p1e) will result in meximum energy collection -

and storage.




R T |
NOTE: The abave;discussién %EFE?S to a cc]iectg; using a 1{quid heat
‘Etraﬁsfgf‘agéntgi Siighﬁ modification of the eguatiaﬂs may géwnecessary, depending
onithe partic&iariunﬁts in-which your equipment is ca]ibrated, For examﬁle;-
‘pé;ﬁap% your flow meter reads in gallons/minute (or perhaps'}cu have no meter ang{
 . yﬁu éeasure the f]nw by a110w1ng the water to fill a bucket or pail). " You then

‘ need to use apprnpr1ate ﬁanv§f§1an faﬁtors to change your value of ga11@ns/m1nute

“to pnunds/hgur S0 you can use it in the equat1an ' -

A\

' }IF you wish to apply this equation to a system using air instead of a
,1iqﬁid tﬂen theiequatian must. be modified. IF'yDé“dD ngt’knaw-the péunés/hr Df
‘§1r flGW1ng thrnugh the 'system, but do know the velocity of the air thrnugh the

prrts, then' the_efficiency can be found by :-

(density x velocity x T x radius Df pDrt2 X t1me) x Cp X AT

Collector efficienég

Lo . . o . Ac.x t x HT
PO (
-~ % Collector efficiency = d x v x ﬁrz x t x Cp x AT x 100
: o - Ac x t x HT e
v - Notice that time in the numerator and denominator will cancel out; however,

it was 1E§$ here so that you can see that the numeratar reprgsents the absorbed

i énergy and the denam1natar the incident solar energy. The prab1em in using these

&

equat1ans is to make certain that units are consistent. ,Xou can not use Secgnﬂs in

"one place and hours in another; likewise you can't mix metyic and English units.

Be sure to convert your pyranometer reading-to units consistent with the rest of

‘the equation. . _ . . g
, K\x
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et USECTION XV Lo

= . - Lo

%lSPAEEsHEATING.=ACTIVEsoLARstsTEML"A'x -

~ Its.Operation’ - .
Ne have d1scussed each ef thé cgmponents of an actwe solar heatmg s_ystem
Her‘e we shaH dTSCUSS the aperatmn of anentire sys.tem, such as the 11qu1d
. system shown below. ' o *%"F “
‘ S S JMQ L
. EXFANSION TAHK
. — [MEEDED IF COLLECTOR
i i CIECUITA‘IS CLOSED LDGP]
" SOLAR COLLECTOR = ———— VENT ¥l
7 ‘ | ARRAY———} — DOMESHC WATER * ‘
@ o : . PREHEATER .
-, . !‘ﬂ X . ) -
-’ ‘ - AUXILIARY HEATER
‘- N \
. . : 7 e
DIFFERENTIAL 1/ : :
s = THERMOSTAT i CONVECTOR HEATERS
® - TO HEAT LIVING SPACE
-E : N . . -
B o — CIRCULATION
3 - PUMP H2
CIRCULATION '
FUMF\IMEP(* —
S XV=1 -
The scﬂar caﬂectars are mounted on -a south facing, roaf The_y are p]a\:ed
at an angle of i 11natmn measured mth the hcﬁzantah ‘of. mugh]_y 1D p'lus
]D(;a] 13t1tude Th'ls may var‘_y, maximum efficiency wcxu]d be obtamed 1f the S - .
; ~ collector p]ane were a1ways at r1ght ang]es to the sun's rays A rmsahgnment Df‘ o
mm:h as 35° resu]ts in a reduction Df‘ 1nc1dent radiation of cm]gy 10 p%ﬁ;éﬂt : j T
o ‘ ‘%’, . L . T . ":v @
The d’i--ffé-ren 1 contraﬂer is a device that senses the tgmper‘ature Dﬂ“’thE e
ccfl]ec:tnr absm‘ber‘ rﬂate and in the starage tank. When the collector temperatur‘e R
- is a few. degrees warmer than the 11qu1d in the tank the c:tmtrn]]er turns cm ‘@ ";9
& - " L
. ) ) ) '. . . ‘ ) o o - ‘ :
4 . . . . - . “’é\" 4 a2
. ~ I !
[‘ - EA
-77- 9 3 *
4 ) 7. i . = =
, _ : . L .
P ) A ‘CP _;‘
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c1rculat1ng pump #1, and the system stqres* heat in the lerge tank (The qpntro1]eri

mlght a1ee aet1vate verieus eff—on ve1ves thet have not Qgeﬂ ‘shown in the d1agram )
L"‘,' F’;
Téqﬁid the end ef the day as the sun's rays d1m1n1sh the taink tempereture

| beeomes h1gher than the abserbernp1ete ,the d1t€erent1elxeontre1ler shuts off the '
weter f1ew througﬁ'the ce]]egier end the water dreins jout of the co11ecter back
_ 1nte the storage tank. The expens1en tenk shown 1n the draw1ng is needed in Case'

'the eo?]eeter e1rcu1t is a closed ]Dop, us1ng a heat exehanger to, 1nterteee w1th -

i’ifthe sterege tenk when the living spece thermestet senses "heat" is needed it .. )

turne on c1reulat1ng pump #2 heat is new transferred from the sterage tank tD the

.1nter16r of the house by means ot the cenvecters In the event the temperature of

:the tank dreps be1ew thet eal1ed for by the thermestat the eux111ary heater

R

' (gas, e1], e]eetr1c1ty) is turned on. By preper use of eontro1 eev1ces and ve1Ves;h

(not shown) th15 auﬁf 1ary Qeeter cculd be used “e1ther e1rtu]ate 1ts ewn

heated water threugh the convectors a1one or 1tvceu1d add heat to ‘the - sterage un1t;'

kl

A heet exchenger is.also ehown that eets as’ a preheater tor the demest1c

hot water system. ’,‘

A liquid eystem can ea51ly be conneeted te (1nterfeced w1th) an existtng

ot
H

forced hot air system as showp below: 5' _— e

- C - * HOT AR k‘s.‘ :
i woush- I
- = —. .
A - FiNNED COMVECTOR
E o HEAT EXCHAMGER PLACED
— e P M HEAT OUCT WORK
. y
.7 BETURM EDDLE‘ e
AR BUCT N
;s*l “ll Catig
-~ - AUXILIARY HEATER . & .
— -1 .
ToRAGE A o
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82
4 i _ _ _ - Gl B =
3 - & o




. rﬂLiquid cp11eetpr eysteme 1ni}‘i5f***"’:

air systeme. The water temperature needed tp space heat ue1yg hot. water eenVectere,

as in Figure ], is 7Dbte BE (160 ‘to_ 180 %F); 4n the case cf te:ced hot air : .

't Figure 2) the a1r temperature neede tp be en1y 27° to 3g° C (80 tp-1DD°F) Hpt -air
. cn]]ecter 5ystems a]sp 1ntertaeeseas11y w1th Ferced a1r eyeteme, but the centre]

and pump1ng (b]pw1qg) ef air is. mpre cnmp11eated and expens1ve then that pt water
The eo]ar—ass1eted heat pump may be a geed ehp1ce fer a heat eyetem 1n'

much of the eoﬂnt?y Figure 3 ehpws how the evappratpr ef the heat pdﬁp is coup]ed

‘tp the heat etprage tank of the. se]ar coltegtor. eyetem The epeff1e1ent qf

’“iﬁértdrmanee (C:0.P: Y ‘of a heat pump (Zgz;éi gﬁpl%vtggeéﬁiﬁieeer) depende on- the

) temperature at wh1eh the eyappratar co11e\EEE:ate )y Th15 is nerma]?y the . pute1de

©oair tempereture. 'Z) The eft1e1ency of a heat pump decreaeee with decreas1ng eute1de -

air temperature 3) At 0° F the C.0.P. is en1y ahput 1.4, at 30%F it is abeut 3,
and at 50 F- the C.0.P.. 1e'abeut?4 Durmng very ep1d ueather, eene1eerah1e sav1nge
ean be. ree11zed by eperat1ngthe evaporator ee1]e at the*interaed1ate temperature .

=

upt the heat eterage tank even thpugh th1e temperature may still be 1pw enmpared

to that actua11y needed te heet the 1nter1er ‘of the hﬁuee
iﬁ'

pump can. be reversed in summer to cool the 1nter1er ef the hpuse o -

Fuqthermnre the heat

5 EE
i_‘
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hey are made of a c]ass ef mater1a1s knuwn ee §em1 eouductors,

These mateﬁa]s |
T el B O

‘ heve eTEc:gmaT res1stanees h1gher than those of ﬂ1e ree’l]y goed metaihc cnndueteE .
R suelf as gu]d or. cepper‘, but eenswerebly ]ewer then these oF the paor- eonductere
(msu]etere) such as glese or mjca. * ' _, ,»o Al : o
) Most: selar ee’l’le are now mede ef single eryste’le of silicon, e]though a

d -- Ierge number of compeunde such as ga‘lhum ereemde eadmwm sulfide, end iedmfﬁm o .
i‘ luride are being 1n4estlge ed. Selenium ce]]s have been used"® fo{ maﬁy ;eere ﬁgi-{“ ?ﬁfﬁi

bthese have mueh 1§wer ef(mené’les than silicon ee]’lsi e v

’ i u v = . v ‘ . »

Silicon atoms are

: v ks
1ar to cafbon atDmS ,in that they have fnur valence o
' i %Lﬂ
e1ec§rnne that they eha‘e; if possm’ler w1th other atoms 1n eove’lent bonds. Th1e .
, lceva’lent bnndmg,"m wh‘lch two silicon atoms share a pair’ nf e]ectrnns in thei r%,,
~ I
] outemeet ehe11s, s the ﬁest stebfgcenﬁguratmn fer silicon etnme \fﬂ’n:c o
ueteme therefore, nume1]y arrange themse]ves in a cubic cryste] lett'ice 1g which
L eech atcm ‘f’grms fugr eoveTent bunds w1th 1ts ne‘ighbgrs i
e vtg”' ) A
" ! H N ) ] @
1 o o W "
' a = . . - W
i h . 5
.. B N . v .
. ¥ £ ————— ,, L ) .
. 1 3 ' ¥
. si-a_ (1nd1cates ceva’lent _
L !v.y  bond comsistingof - . N
_ ‘% two shared elecirons) - S
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"ﬁﬁE_ETEThETﬂﬂfETPTy_tTghTthﬁﬂ—ﬁuﬁh“an*ﬂFPaﬁQE*eEE

per'¥11119n) th1s cond1t1on can be a]tered 51gnif1cant1y Eor 1nstance, 1f atoms.
. . . L] & &}
1,w111 be an exceEs oF nonJ;hared va]ence e]ectrons, these w1ﬂ1 be re]at1ve1y free

to mo_e areund through the crystal S1]1cgn with such Yonor type 1mpur1t1es is

' N ¥ 2 . i \

cirSimmmmnSimanacSiian

o H " q

[] 4 i

amSiem=lepgarcnnSiaan o |
. : g ' C =

d L U (1nd1cate5 unshared ,
?‘ ===SiemeccSicmanaSinan va]ence electron) .

. ‘ . ' ' ]
. o A e = . - wm - . “
- gt . R .- . .
8 R W o ' . ¥ :
e - ¥ : : : _ L. 2
. - L E -' = . . ET?

Dn the Dthef hand, if 1mpur1t1es, such as boron, ga]]1um, or 1nd1um hav1ng

. ] , N
only tﬁree valence e]ectrens are added there will b% a def1c1ency QF va]ence

e]ectrgns If these acceptor 1mpur1t1e5 5tea1 ¥a]ence e]ectrgﬁigfrom nearby 51|1c0n
atoms ino der to ccmp?ete the1r covalent bonds, holes will be left in ne1ghbor§ng

~electron pair bonds The ho1es represent a def1c1ency of e]ectrons and the?efare

! - N ) = .. 5;‘
{act gs»pg51tﬂve:chaFQES«wv:i RO . - .l g N
e e _7 . _- . “ . " & sf
. F , . i Tk ) 1. * . <
aaaaa 51-!iﬁﬁ51=i-ag55i!- g o
L L . ‘ . -
' R . @ . o - ®
R B ienSjm=mmrfa=s===5]=== N o - o
SR e ggﬁépf . - (indicates hole formed ' e
TR B when electron. moved over. :
| Y meeSiepee=SiacmnaSi--w to complete gallium's
: L e mei o«e.a o rbonds) |
Y A
Y 2 85 « ,
P 1;3 .. -




1 saz- et
Jh%s type cf mater1a] 15 ca11ed P- type s111cgn The haTes 1T7Wf73¥€} o

ilnve ércunﬂ’thrnugh the crysta1 as atoms cempete far e]ectrons t& comp]ete the1r   {
' e1ectnbn pair bands ; It shou1d be noted that the acceptur atdms (Tike ga111um)
iﬁ taking on an extra e1ect?un became negat1ve1y Chargéd gust as the donor atems

(11ke arsen1c) betﬂme pﬂ§1t1ve1y charged as. they 1oserthe1r f1fth e]ectrans in the

Nétype 5111can. (There are a]sa m1ncr1ty carr1ers‘ bo]:s in N-type s111c0n or _

“thi type 5111c0n surface. The sunlight can actual]y pass through this thin
sur ééndfpenetrate béneath'the_P—N Junctjan.-‘Ccn' ion leads are atta;ged

eyt
“ ’F
. : TOP SURFACE ! e P o — - ) -
r‘ ’ P.TYPE (GKLIMM IMPURHIT\") ] . @ ol] . . WIRE
-11) - F
L
— < o L EXTERNAL
P.N JUNGTIO LoaD '
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BOTTOM SURFA'\fE

A
S )
. KEY
. % .FREE (MQBI{E) ELECTRONS @) -FIXED ELECTRONS
i . TN
-\» _ i - _ '7 . = T ..

® =FREE—1MEBILE) HOLES * ® -PIXED HOLES - - \

ELEtZ’:\QN HOLE PAIRS anA’réa = .ORIGINAL POSITIONS
A BY PHOTOMS ) B : ) _ -

{3 -MAJORITY t:!'RmERs B &t -MAJORITY CARRIERS COMBIMED AT 3
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eﬂieen 15 known as the P N J'unt:tmn. Hhen the twu 'leyere are f1rst ﬁ:rmed they
ere e,]ectﬁ&eﬂy neutr‘e'l When placed in enntact with eech nther, diffuswﬁof A
the me;er1ty eerrier uccure, the he]ee in the P type 5111een and Eﬂ!ifree e]eetrnns;

in. the N type ei'hcnn gneve tDwerd -the’ ;lunetmn where some- Qf them cnmb‘lne en T ?‘:
beenme fiyed, " The removal of some of the je]ecthc;ne i!*I"'rl-c::m the N type metemel near.
" the P-N gunctmn 1eevee a net pD51t1vé eherge in t:he r‘egmn -end the removal nf‘

snme ef the hcﬂee frnm the P type’ meter‘ie’l"'t?eevee tﬁﬁ;mth'e_net negatwe ch%r;ge

¥ €
Th1e consti tutes en e]ectru:e] hetent1e1 or berﬂe?‘ﬁear

:1e1d eernes the P-N
: Junetwn. ‘The buﬂd Up of th1e f1e1d pr‘evente the reeat ef the’ me,]nﬂty carriers
ftem cr0551ng the Junetmn and eemb1n1ng, th1e 11m1ts the Junction petent1e1 ; A :‘,-_ A

(voltage) to about 1/2 volt. B -§_" S

.v; : - : LN
7 . : ‘.~ =

The surface ef the scﬂer ce’l’l is new expneed e@ eunhght Phetone (the ?

11tt1e bund]ee nf energy that make .yp 11gh“£) ee111de w1th the valence eleetr‘ene nf

the etnme of e1’|1enn on beth:e,e'idee nf the P-N. Junctmn If the phetnne/ﬁieve
]

eufﬁment energy, they knnckf,the valence’ ﬂectr‘one loose and%hﬁ can ‘act as
cenduetmg e]eetrene In order fer 1] e]ee‘br‘nn ¢ be nknecked ‘loeee ‘Frnm an e‘tnm,

it hae to ebszerb a eer‘te1n emeunt of ener'gy *:“Th%em&nt of enébrgy that a pheten has,
& ’

depende on fhe frequency, or. wevse’leng%h of the =I'ight -E = hf where E stends for "

‘energy in. epm‘epﬁgte un;te, h %er' a cnnete@t (Phnek eﬂicnneKant) and f for

Frequeney The h1§hen the frequ;ncy (nr the shorter the weve’length) the. greeter‘

the amount g"F energy cabried per phnt@’l There 15 a certain m1n1murn threehﬂd v ‘
e s e ﬁ % i
frequency q,f 11ght beTBw wh‘ic&h pheﬂbne wﬂ]‘u not knock e1ectr‘ene out D‘F a- pev-tmuhr
s
'meteﬂie'eTeme'nt CIne the ceee nF silicon," all v1e1b1e 11ght and .even some infrered o
11ght (133 a weve’iength of adout ﬂ SDD ) can kneek electrons =Innse fr‘nm then‘ -
bonds ‘50 they may beeome cnndueting e1eetr‘nne : ‘ PR
R f‘ k] ’ . :j
- . ‘a- . ’ ! £
: ‘ R i )
_ H ; q ’
k4 . )
. — - £ ‘ e 8 7
I % .

‘ Cen51der the pT'ekus d1egram The 1nter‘fece between the po type end e type e



_D*F the ;eH The free electrons ar-e r‘epeﬁed by the net na%atl ve charg’» af the

P-type" r‘égmn toward the, N type Eregwn m- bqttnm seztmn of - t{ne cel‘l

' dr‘ﬂ!n by the net pDS‘ItTV% charge tctwar;fé the tnp af p- ,ﬁy

hc]es cr e]ectmns arrive at the top and bgttom sur‘faces

5
Hcmever‘ the ch splax:erhent or

~=>reg1cns D‘F thg c_yrsta]

‘a pgten‘ma] d]ff‘enence (vn]tage) between

cgnnezted to the two. e1ectmde§§ e]ectrc%ns

[
¥ =
3

©-(N~type regmn) through the wn*é énd h:xad tc»

%

- where they combine mtk the ho]es.

it must ‘be. h1gh1y purified gor '
;'smaﬁ,j qﬁaﬁt"iﬁtiés into sing]é;c;r 4

‘saws 1nto th1n wafer"'s a few hv



Scﬂar‘ ce’l’]s gaﬂ D'F course

: rq_y'lde h1gher‘ vnltaga and Cur‘rent uutput

R L F

3 péz‘!kﬂgwsﬁ .

.j.?»terresha“l éﬂ]ar c:el'i umt built in ‘thls ceunt-hy to daté is a cirakﬂcwa tunit. o
. cons1st1ng af about 14‘ DDD 1nd1v1dua1 c:eﬂs (M1{F‘E Corpar

hn fiear
| ¥

e It is est'tmatjd that the cost nf scﬂar c.e‘lls mustie ;;gduced tv"about $EQD pér
T H - )

25

L kﬂawatt in onder to. becnme cnmpemtwe far usg in ceutr*a& prerfstatmn generatmﬁ

se éf cen\trahzed sul ar ceﬂ pewar ,jener‘atinn a]sa reguwes Targe tr‘acts ‘nf

= ELH

Tand it wuu1% requwe raugh]yﬂiacrez'of 1§nd tngpruduﬁe abr:ut 10 pert:Ent crf
our, prajected e]éctrical energ_y nee\ds fc', the _year EOED :

# o2

Ssu:h a system,,much ch an 1nd1v1dua1 bame

if"“_ ‘

At pres%pt,#

e]ectrfc:al needs wg&]d

' f a mefamnunted sn’lar pane‘l ar‘ray'

T ;| Vaverigad ,CNE?

T i# : t } )
§:d§ cr& the @erage ‘hc:xuse-" :

jal ccsst is pFQh’iD1t1VE nowever,. d 1n 1t/;9n, large 5;:%1% o ' L
‘ S o .- . iy
tm‘age facﬂﬂ:‘tes arje negded At mght wt‘gn the e’lectgm:a] energy o

‘. HLEIN .

) ’? s mgst needed the sun 'is nat smmng on the scﬂar (;EEE ' ELEt:tri_ )

@s Q

The c:ther' sugéested wa_y to use solar ce’l’is mthmﬂ: %1@ upgfai;g

E‘torage; ]1ke i

SR o ’s% .‘ -
’-'\Q*F ‘land 15 way out - raughTy 22 DOD miles f‘rom the é?}‘tﬁq ,ét rés Efe’en sugf Stedl

that twa geosynchmnaus power plants be canstructecl ‘m spacge wher§ the amt;u, '_61}:




"};,,'S\ﬂ]a:ff panﬂs;(;iﬁ;{s face the sun)’

— microwave : ° B . -
. transmitter. . - : :

icrowave synchronous nth’ 5
beam. - . - . . - ) U
',l \f AT
= i
'reeeiving antenng —
' A
v
earth * 5
Cay * . _
3 e A s
foo R e P
A}

s Two w1ng “like solar pane15 near]y 3 m11e5 in Tength and width would geﬁerate
‘e1ectr1c1ty -This would be cnnverted to energy in the fgrm of m1cﬁiz;ves and beamed
. down- to earth by a transm1tt1ng antenna 1/2 mile in d1ameter On earth a rec21V1ng
"antenna anut 4 miles in d1ameter would collect the energy and conV'rt ity back 1ntz

‘*felectf1¢1tyJW1th an DveraTI eff1c1engy cf;about 60 percent -Such a:””f‘

\)
prnduce about 5, DDD megawaggé. By today 3 standards, a 1,000 megawatt power p]ant

:a is’ CQnS}dETEd 1arge, _Need1§ss to say, this is not Tikely to be bulft within the

iA

1mmed1ate Future
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In the, prav1nus sect1on wa Exam1ned tha d1béét canvar51anznf 11ght gl o

?3anenengy 1nta aTectr1ca1 enargy by means nf tha 5a1an cell. Its many C.
PR T
advantages were offsét by its current prah1b1t1véa’rngh cost Therasgre -

'*-(ather ways—a#—pradaeang«eleatpqc1ty frnm the sun’ anar%s? One 1ﬁVD1VES o R
ﬁ . T ] -.'. :
canvert1ng the sun s nad1ant énargy 1nta therma1 enargy and than 1nta

;eiectr1ca1 Energy by maans of a ba1]er, ateam turb1na and a1ectr1c ganaratar

1

cnmb1nat1an Thaxh1gh tamparature needed to praduca very, hot steam 15'.

obta1ned by cancentrat1ng the sun 's anatgy on a aentra11y 1acatad alavatad

bo11ér (powar tawar) thraugh the use’ ofamany focusing m1rrars . The advantages:
of Such ’”’tem ‘are 1ts rETat1vE1y h1gh‘aff1c1enay and 1ts advansad stata nf
technaingy A Targe e1ectr1a ganeratar ¢ pne of, our.most ‘efficient mach1naar,;'
_near1y 99 percant Eff1c1ent a large steam turb1na has an overall efficiency |
of about 40 paralnt The h1gh temperature af the steam producad by the pawar
tower - (QDDBF to 1 ODDﬂF) is comparable t0 that produced by conventional

fnss11 fua] p1ants FDCu51ngstype collectors are 1nharant1y mare efficient

than 1ow temperatura fTat p1ate ca]1ectars, the eff1a1aﬁay of ca]]ect1an -
and absarpt1on nf energy by ‘the boiler could ba as h;;; as 90 percent Tha
overall aff1c1ency of the pawer tawer or centna1 naaa1v1ng system wnuid be

~over : 35 paraant_ S oy

g o
Thara are- ba51ca11y twa types af'faﬁUSing raf1%ctar systems © One makes

~use of rnovab]e f]at rm rmrs arrangad 50 %at thay act as‘g 1ar'ga s1ng1e parabahc

- surface w1th the tower at the focus The sacand 5”/ am uges 1arga 1nd1v1dua1

3 ¥

parabo’1c mirrors that ara a]sa mavab1a These can'entrata tha sun11ght on’

’the surface of the tower. In ‘either case, much: afﬁihe avara]1 cast af tha systam ’

,iséin.thajgggtro1 and moving afktha:mlrrarsi - , : e,
. = DA . -.. ’:—;‘, . * = - - B RN : .
. . ! fi'é7;& 2 :
# LTV . ‘
91 i




[ botler
\collector

parabolic mi rm;s

 PARABOLIC MIRROR ARRAY L

-“:i ) ) » I g

There are aetua%%y twe types of high temperature c011ecters. One t}ée s

g cae ot 4

absarbs energy cver the whe]e eurfate oF the be11er.: Th1s bo11er may be enc1osed

w1th1n an*évacuated glass spbere, The gther type works semewhat 1Tke e "bTack bedy“’

where the concentrated beams ef rad1ant energy are directed.into a. CEVTty on thej

; 51de of th

?spher1ca1 cog1ect0r Coils 1n51de the sphEre are: heated by -the

ab"rbed eneegy, Qndvthe.water Tns1de‘the coils % hanged to h1gh temperature

e




oan 15D foot d1ameter bu11er mounted at@p 1, SDD fout h1gh tower | Over a

E bu11t for eva1uatiun and test1ng near A1buquerque New Mex1co Most eng1neer1ng

‘. staam. Th1s type of ca’l]ector 15 more ef'FT*ment huwever, [qt requwes more shé"p]_y

) focused beams and a greater prec1s1an 1n track1ng - _;'-"E{;l S .7»3 f;;iﬁ“’

L &

A number uf power tuwen un1ts have been preposed One wou1d cun51st of

% .

Ei

:'thousand f]at m1rrors QFout 10 feet. across*ﬁpu]d facus the sun' s rays anfén area ;;;gﬁ

'on the builer s Surfacep The mirrors wuuid be pos1t1oned on abuut one square

;m1]e af 1and surFace surraund1ng the | bo1Ter The output uf the system wou]d,pe

uuuuu

=

"fstud1es have 1nd1cated that these un1t5 should be cumpet1t1ve with standard

1] LY -

::f3551] fuel p]ants In part1cu1ar they may be vaTuab]e Far supp1y1ng pnwer dur1ng -

ipeak IQad démand Shuu]d this. uccur dur1ng the dayt1me, 1t wou1d m1n1m1ze the o

prob]em cf Ehergy storage far per1ods when the sun is not sh1n1ng \ f,ageﬁ 51;;

these power p1ants wou]d have to be Tocated 1n areas that are re]at1ve ¥ free

gl s

of cTauds s1nce fucu51ng co]lectors can ut111ze un]y d1rect radiant energy;

"diffuse radiation is of no value.

286=098 O - 79 =7
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P tLchRLCAL PRDDUCTION— | o
s THE DISTRIBUTED SYSTEM e el
’ B ;.x N N : ﬁs ) !
‘;:s fi The pewer fewer d1eeussed in the prev1ous 5ect1en makee use of maﬂy m1rrere »
h v¢;tu fﬁeue the eun s reqyeﬁi energy on a s1ng1e centra11y 10eated be11er 1The "
: a]ternat1ve tn thqe 1sﬁthe d1str1buted system, this system mekes use ef meny f;
m1rrers to’ ceneentrete;the sun' s energy on a eer1ee ef p1pes cuntain1ng the heat
ke_,_-,: ﬂ._The distributedesyetem can use d1ffuee ’hghg to eame extent,_ hewever, smce hee i _ .
transfer takes p]ece et the remete ee]]eetere instead of 3& the: be11er and -
'.be.-;s the temperature 1n most casee is cene1derab1y 1ewer (200 - SDD F) K

(9D - 260 C) the eff1c1eney is 1ess Hewever, in a.few of these eyetems, :e use -

__.'; of: tracklng parebo11c m1rrers can reeuTt in temperatures ever BDD F (427 C)
— ' ’ . - o f='ﬁ ' »
’ ./ A large number pf.diet}ibuted collector designs .are undergoiﬁg.deveImeen;
and testing under fundihg-oﬁ\;he_uﬁited'Stetee Department of Energ&; Some of
.4 : SR . : _ e , .
these are shown in the sketches belgw: L . o -
, , .. L
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I the fuTT see1§ mdde] th1e nnit'weu1d4be ebout 10 m w1de 180 m Lﬁng, e

andﬂﬁlnhimhe H_;.v'it,ﬁ o ;.‘”‘ : ,:"'v17-: B A ;f”f~xl
_ ;,.‘;gr I I PRSI SEEE SAr
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;_ij'j jAndth ’ syete"{be1ng stud1ed makee use df segmented m1rror$ that apprdx1mete
a ey11ndr1ea1 perabd1d. The m1rrdrs tredk the sun and cdncentrete 1te:§nergy

. g ‘ . - E
on a F1xed ed11eetdr Ehbe mdnnted 1n a.m1n1et;, fiei pTate co]]eetdr eseemb]y ks
, A R . - e ey
R . ) co HE " couscion Tuse m:uut:n e i } S
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“ s L ' SEGMENTED RAIRROR SYSTEM :
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In th1s pert1e§QEW\eystem, the Cd11ectdr tube 15 a. heet pipe’ surrounded

by a g]ase evaeuated cy]]nder A heat pipe s an eepec1e11y eff1c1ent heat transfer
S

i

wdeEiee that: carrles energy. from the hot end to. the cool end. of’ tﬁe{p1pe Aﬁ_

;enc1d5ed ]1qu1d evapdrdtes at the het endof the p1pe condenses at the eoo1 end

fend 1e returned to the hdt end by,e$w1ck S1nee th1e p1pe 15 a c]dsed exetem‘

A}e heat exehanger 15 needed to treneéer energy frdm fﬁ@ pipe- td the Dperating f1u1d

TD% ours "an ord1nary c011eetor tdbeqearry1ng water or ddme dther 11qu1d eequ
_ % %

‘?then the heatedifln

! ) "!-g_ ) - ‘.y‘.
o 1 H Ny

be ueed in th15 syetemggneteed é§ a heet p1pe ’ L - -

l
|5'_,' ’.J‘S? 7 '- a S i",,“-, f ‘ |
If ‘these dletdibuted eysteme are u]tﬁmate1y used to generate eTéetr?e{ty;

Ed 'I-u

id§j1;g be pumpedftd the generat1ng stet1on where the heat’

aneh as- water 1ntd;eteam in. ordetho drlye a.

5 .
LY } B P
= ’ . . ¥
N . <t &
LI . . . . )i " .
" L4 - s -
oot 4 Y
ST o GEw
n S ¥
9 —
90 o ~



to Dperate eff1c1ent1y gn]y at temperatureg apprgach1ng 800 - 1 ODO F (472

L

* turbine gé“ef‘aw“ 5“

Dne ngthe d1sadvantages

Th e 5y§£ems cgu1d be us

"

-5

such as space heat1ng or hot water prgduct1un

]

f,_

Y
;gAd1strﬁbuted system 15 the i

L

Y

‘temperature of thé heated F1u1d, 1t may be necessary to deveiop turb1nes§

600 C)

far pprposes ﬁther than praduc1ng‘e1eatr1c1ty,{ o

They share w1th the pawer tnwer

éystem the d1sadvantage af requﬁr1ng 1arge heat StOrage Fac111t1es (and reduced

efF1c1éncy) 1F they are to be used éf times pther than when the ‘sun 15 Sh1n1ng
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B”IO-M’Ass CDNVER!SIDN 1

*’:Tar’gnergy we*mentiunedfthat—nne—uf*the

egergy ccnver§1an pra;esses by whlcb the sun' s raﬁiaticn can bé ut111zed s

i IR
energy to carbohydrates (éia¥ed energy)

B

stnred chenpcazfenergyéi

1n ‘the Ppresenc of ch10#bphy11 a,;x L

, and’axygen Js.stijl natréﬁp etev*
sin the 14b. gTheréfbré;“iF , ,15hes;tn ut111ze the sun's’ energy thrpugh d1rect :

phatachem1ca1 convers1nn ‘he must turn to pPants - o

';—m-mf*_-The tenn b1ﬂmass refers to- aﬁ1 iﬁgan1sms 11v1ng OF- dead thét Eoverwthe‘
-

eaFth, as’ su:h ?t 1nc1udes 311 p1ants and animals and the1r waste praducts

B mESS'is measured in units cf mass oF ve]ume per. un1t aréa. .

! &

of e nergy, b1nmass 15 often def1ned as grDW1nng1ant mater1a1 G% us1ng organic

¥

wastes, 1nt1ud1ng human -and animal wastes such - as garbage, maﬁure crép r251due ce

and Sawdust for- fueT Biomass. cnnvers1an is the pracess nf’nbta1n1ng usefu]

‘energy from biuma Dur bod1es do this when we eat foods, the energy stgred in

the f?nd is used to supp?y our bodaes with the energy needed to carry out bﬂdy

funct1gns.v This, nf course, is not “the bTDmaSS'convérs1an pracgss we 1ntend to

1nta usefuﬂ fue1s, .or.. used d1re¢t1y as -an. a]ternétave to, the dqud11ng Supp]
[ 1“ . . - - .

of qusqi_fue]._ : | U - . o

Ne w111 start by 100k1ng at the. phatasynthes1;§Prace§§\fram the stahdpé1nt "

) ?
of sa1ar energy convers1an The gther ccﬁvers1gn prncesses we have been 1ﬁok1ng

at use the sun's ene%gy d1rect]y§7here we are faced with at 1east ‘one 1ntermed1ary
. ' i

-93s . . : q

'vnderstoodg it has never. been totally dup11cated

7As a“pctenj1a1 source
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i
u

f éﬁ ht be as mush ‘as 1 4 caT/cm /min at solar nggn on a bright c]ear day we a1so o

, beam passed thrgugh the atmosphere ‘the amount nf ava1lable energy was- reduced to ST

o

-

an average Qf about 25 ca]/cm /m?h. However at any one spgt, the maximum 1nso1§t1un

.,r

natéd that on an average, rough]y 47 pereent uf the ar1g1na1 sciar beam was absqrbed

7!

R by the eirth This is not, however, the amount oﬁ energy ‘available to‘tﬁe p]ants, f;
" -

most Df this--is e1ther ref]ected -or- rérad1ated"-remgved by- candu¢t1an br ccnvect1cn

| 3 4

or stored as Iatent heat in the evaporat1cn of water. "Energy conversiqn is theﬁ

further réduced 50 percent because only!wavelengths in the v151ble reg1gn of ;he
¥ "‘ég\

spectrum are effective in the photosynth251s ‘process. About one-ha]ffof the :

”1dent rad1at1an#%t the surfaée is- in the v1s1b1e spectrum. Aitogether abaut

1. pe cent Df the sun11ght fa111n pon the surface of the arth is used by p]ants

i, - . -
in ghe photOSynthes1s process. ‘.; : R : : - fsff}<

. =
4

Laboratgry 1nvest1gat1eﬂ has shcwn that the upper 11m1t of conv3F51un

-
-"

. efF1c1enay fgr photosynthes1s (sglar energy — plant chem1ca1 eneFQY) 15 about

- 30 percent Hawever piants se1dom Find idédal cund1t10ns, the temperature may be -

Lf' ) }aw thgt Dn]y m1n1mum ‘conversion uccurs, water supp11es may be 11m1ted or other

!

{?;,Ssent1aT nutﬁients may be 1ack1ng Therefurel even thuugh thé pTant may be receiving -

suff1cient 5un11ght 11tt1e conversion to biomgss occurs. In add1t1pn, much of

L IR \ . . Ts
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f"‘lost 1n space. (See f1gure 2)
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Th1s 15 mugh]y ten times the eff‘1c1em:y Df corn prnductmn (1 6%) - /

2 E%) or pasture*ﬂand (1%) ' | ;\ o \'i A o %*";
A Cer‘tam 1and p1ants prgduce h1gh yngﬂd bmmass and as a‘resuTt haVE beén A .'
| suggested fur ei therkﬁ:ud or ener‘gy produntmn These include sL;nfnger; comfrey,
' kgmat sudan grass; and,napmr grass ‘ Fast grawing tf‘é_és,--SUChx as pﬂﬂan_ash, L \
and syt:amc:re, could i used.for energy prgductmn Tllgsé ‘trees éouig] be grown K |
-as. brush and cut ever_y ﬁwu to three years. - L 7 F} E A. -

~The tremendous quant1t1es of urganu: waste pmduced each year in the
;!.

- ¥
Umted States cou’ld a]sa b :Dnverted mta energy his _would include’ such materiaé
Rl

<

as manure (EDD m1ﬁmn tons)f chp and food wastes, (390 million tuns) \”logg‘ing

- . i .

Jons 7, garbage (IDD mﬂ]mn tcms) and sewage

- L4
(12 mﬂhgﬁi tons) (These are 1971 figures for dr‘y weight quaﬁtities). _‘Df céur‘éeg g-‘"j
m;)t aﬂ g? th15 materuh 15 J‘eadﬂy coﬁer:tab?e ' It s estimated that the r‘eadﬂy i

qulectab’le wastes Eou]d furmsh abcut three precent Df our ener‘gy —needg It is
*

‘51757;xafrsgued that crop am;l “food wastes could better be used b_y retur‘m ng them to theu& L
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he ‘actual c:' m*if;a'l' pracesses used ta Dbtam énerg,y frgm th15 ar‘gamc

!ass can be dwided Tl‘ltD therma"’l, m‘ l{eaﬁ; {‘equu‘ing processes, and i
“L - : g )
gla'v c:aflj p’iﬁocesses_ Heat demandmg pr@cesses 1ﬁ]mje ch rect burmng, pyr01y51s,

hydrc-)’lys1 s3 buﬂ 69,1 cal processes

x

ED

=y

A ...A o

Dwect bugmng Th1s is: pmbab}y the most Etraightfarward and Ch_,épési
H l:l &
R way to rejcaver energ‘fy ’From bmmass,‘ Efflmem:y, 1n terms of h'é§ reccverjr

" 15 between 60 and 80 per‘cént Th'LS could be used;to suppiément or. ,

\'"‘k

B rep{ace fossﬂ Fueﬂ use in the home Mun]mpa]i garbage anu trash cou]d be

used as a sypp’lementary fue‘l at poWer p1ants.w S e A

VA - wf co /@g
- P ro’i's1s.v J’h1s is a process 1n n:h argamc wastes are heated to h1gh )

temperatur S’(4OO - QDDDC) 1n the absence of air tc cause a deccmposﬂwn g

=

\ 1ntg seie,t;ail e:ombust1b1e praducts r;hﬁr, oﬂ, and gas Somg stud1es 'have

shnwn a net *'Ioss in energy in the pracess Tore énergy is expended tban\** '. )

Can be obtamed F*_:m- the/é'oﬁuct’f \ Destructwe d1stﬂiatwn 15%?_yrn1351s

:‘ : — N é
S , app'hed ta wood,orjjcujd refuse* d1sf17’lat1on is used to ?EDVEF rnethy]

- ) : : b 3 R '} - G\H !» .k .
e \ alcahtﬂ (WQﬂd a]EDhD] )“ o e Ce T \ o ’ﬁ A o e

W N .
Hydragenatmn.‘ In th1s Proe;ess hydregen i added to carbdh molec Ies dn- i‘ Y
/1

4

- 5
L the&ubstante by béatmg '”1!' the presence of a cata]yst then tge pr‘chss

S o
b uses% rbon manodee aﬁd steam at veﬁy h'lgh pressure (2, DDD ~ 6,080 pS‘L.)
e Low, sulfur mf‘c‘an be obta’inz: in th1s way. SRR " ’: ; . ;gf;
J‘? . . . 3 i \ W _ ﬂ ;‘ ‘u{ v &
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it R 2 5 EY H
- o, o cod . = L . - R EN Lo o g = :
- - R . . - N Cala . Lo

- ; 1. B . o
bHydrogas1f1cat1an~' Drganqg wastes such as manure C;n be- reacted dmrect1y

B,
W1th hydragen 935 at h1gh iemperature (SDD - SGD C) ‘and’ pressure (1 DDD

951) ta pmdué”‘ methane and ethﬁne gai;. SRR . '. ATt

. ‘ }1‘. N . "\77 _:"1 3, \;r’ “AI \;_ £ . B P ""'.’R T ; i 7.'17 - 'L‘; r {/’[
_ Ac1d Hydro]y51s. waed wastes can be treated mth heat and a-c;1d tp Eonvert
M . .

them /1ntD sugar'. The sugar 1srthen fermented and d'ISt]f-”Ed to prodg,ce
’ A

- = S . . :e P : : N
- - . - . [ . L

:'_:._ethyé a]cc:hn‘l (gra1n‘.a1e;:’;f,», TR

,niv

T Fe rnentatﬁon Orgamc wastes are decompcsed in the absence DF air b_y the

a%:tlon af yeast Ethy’l ah:ohcﬂ, a- fuel\ 15 produced : I o S0
I-:‘Anaerotm: d1gestlon" Th15 15 the bactema'] d1 gest’lon D’F organ’ic wastes

¥ % £

in the absgnce of air to ~pfﬂdUCé methana gaS-

L » L = : ] ) "
e s et et i s _.,,,.._,,,._»;.,.,___i;,,_,__,.._.. e et e e e T R e e N T ™ e |
2 bt =

qum"ﬁstm : Ea'ctéﬁ*ia”l dige’stibn DF'Grganic'\Qastés (in prféci;ice 'p‘laﬁt
. E J

: t
,and cond1t10n1n§ substances (compost) o ‘ , | \ =

e - P - = = . 5 r 3 . : ) B N
._As seen orgaxﬁc wastes (bmi’hass (:an be conver‘te*cl into usefu] %Ergy b_y | B
. _a/riuml:}er of d1f‘f‘er2ﬁt pracesses - Di rec:t burmng of wood i3 E,erhaps the mast S
A

Z‘éfﬁment Qf‘ thesé For examp‘]e, 1t prodﬁces roughly f‘1ve t1mes the . energy
_pggduceﬁ b_y burntng eth_y’l a]cahol’ maée from glg\san%quanhty af woc:d

Emwmg; toﬂectmn, and EDHVEY‘S’I\DH t)f bmmass requwe ]arge s,ums ‘of k)

@ne?‘gy 1n most’ ‘cases. O‘F‘tenua net- erﬂe\rgy saving c:au1d be' realized JUSt by

.l-

tgé éhmma,twn of waste and the recychng of the matema’ls, rather than '

by thi}r sgnver‘smrr “into ,,,érg_y.f : # ' , R
e, g g e e \ . e e ”»7, R ‘r, . e
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= e
N SDLAR HEATING EAREE
ECONDMIC ANU LEGAL CONSIDERATIO VE\AENEF_M('J‘R
Sﬁﬂaggheating‘has ﬂnt yet come QF age, but 1t Sksrgw1ng up-fast Nithin‘3"
the past few years severa] thﬂusand sa]ar heated hames have been b011t ‘Increa51ng

amounts oF state and feéeral mcnies are ‘being d1re:ted tgward so1ar eneygy

j research New -and ex1st1ng cempan1es are rap1d1y enter1ng the so]ar %12 Iapd

_sthe sa{gr prnducts markets1s 1n-a state of f]ux and deveiupment Vo .
oy : PR M . . . ',='

T . -,

J~a%”

. 5 "!
\%Hnwever, it is d1ff1cu1t tﬁ éssessjwhat rﬂie snlar energy w111 play in.

. the\1mmedzate future. Custs—far -other ‘énergy sources .are rap1d1y 1ncreas1ng as-

. supp11E§\ére be1ng dep]eted Unfgrtunately, much ot the genera1 pub11: still
pEPEETVES the energy cr1s15 éé the cries of a]arm15t5, or as a ccn5p1facy Qf-the

» large 011 :Qmpan1es, nr ét“1east as a p]ot af the env1ranmenta11sts. i

L Leg1s]at1an Enn:ern1ng sn1ar energy and "sun r1ght5" is also in a state of

F]qx, At the present timsﬁthere are no. gn]ar acceg§ rights laws. in force in this

cuuntry, a1thgugh a few states have recently adapted 1eg1s1at1@n that in some ways

) estab11shes sn]ar r1ght5 Seve?a] states have passed 1eg151at1nn for sgate

,,,,,, ‘A few . states aﬁd many
gv Eammun1t1es now have sa]ar heat1ng references in bu11d1ng cudes o

=
%

Many states are act1ve1y encgurag1ng sglar energy use, mcs tabfy in
S
the area df.tax 1nzént1ye According to the National Envrrunmenta] Systems 4‘ -
i =1 . .
Cantracturs ASSDCTEt1DW“ these\states ngw offan so]ar tax: 1ﬂcent1VEs

= - 1

Awizona: perm1ts deduc;1ng the cost of solar dev1ces frc state
1ncgme',axe5, amnrt1zed over 36 months. '

o Califofnid: fgrmer1y a1ﬁﬁwed 2710 percent creﬂ1tflup*fn $1,000 - T

. . against pirscna] income taxes.. Upder a new law, rgsidents of 51ng1e— ’

;;T,":;Agkqfam11y dwelTings,-now.will be. ent1tied to. také either & 55 percent -

oo . income tax credit or $3,000, wHichever is”the lesser, for sumé . = -
they. spend on”solar energy equ1pment fnr heating, c0011ng, vent11at1an,

: or.to provide-hot water. e » . \
e : * - -
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B EQEQEEEIEEE ‘permits mun1c1pa11t1es to éxempt sn]ar Equ]pmgnt frOm
S prgperty taxes far 15 yeqrs after construct1nn -

;g i : : . B
23 oy
sg1ar équ1pment is exémpt frnm sa1es tax and from prﬂperty
R Hawaiiﬁ aiTows a prcperty taxeexempt1nn and a credit QF 10 percent . ’
. . of a se]ar system' s-cost. aga1nst persana1 lﬂﬂome taxw ' ' T

3

‘ :Idahor perm1ts wnd1v1dua1 taxpayers an 1ncame tax deduct1on cf 40
' » percent-of the cost of new or retrofit systems in the first year, . .
-+ - then .20 percent fgr the three f6110w1ng years, up to $5,000 per .-

year. o SR

w N 3 :

"'7Kansas allows a 25 percént .income tax cred1t up to $1, 000 fgr
res1dences and $3,000 for commercial buildings.

. .Mar 1and grants’ c1ty and caunty gavernments the power ta¥ailow
- credit aga1n5t property taxes. ; .

New York: exempts so]ar he&t1ng equ1pment fram praperty tax assessments;
ygrmon;: permits towns to offer propérty tax exempt1on
. ,

e =Nh11e the .conversion to solar heating in an- ex1st1ng house (retrof1tt1 g)

may be econom1ca11y migggna1, ‘there are certa1n tax advantages to inclu;f,

ER

heat1ng in.new construction.  If the cost of the solar installation'is covered by
, the martgage then the month]y 1ntérest and p[]nc1pa1 payment on this . part1gn of

the loan can be considered to rep]ace tﬁe usuaT ut111ty{b111 for 011 gas, and/or _
-
e]ectr1c1ty The interest: payment is tax deduct1b1e, and the principal répresents

&

a cap1ta] 1nvestment rather than an operat1ng cost It is aS‘]F you wefe buying
R .

_your own 11tf1e ut111ty _company . o

. Théré are perhaps=factors other thaﬁ'éconcmic that‘might be worthy of

cﬁnd1derat1on A solar heat1ng system ma&es one a b1t mare 1ndependent the sun

[ e

perhaps more pred1ctable than these whD dec1de upon 011 embargos 'or wars. .

There is sumeth1n, very basic about returning ta the sun far its direct energy,
_ . \

You -know 'that you'are not ﬁamtriﬁhting to the degradation of the envitonment and




: you are not tac1t1y apgrav1ng the p1undar1ng Qf vast areas gf 1and by str1p . ‘i

_ m1n1ngg-thé pﬁ]1ut1ng Df ‘the. ccastaT EPEas anﬂ f}shing beds by 0il spills, or the

_;-potent1a] prcb]ems gf nuc]eafrwaétés |

Even naw there are a fewi1dea115ts WhD

N are ready and w11 1ng ta shake the Fess11 fue] hab1t chers w111 wa1t unt11“the
' §
deTTar s1gn beck

-
s,and that may be sanner than yau th1nk_ -
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